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DISCLAIMER

This document includes draft recommendations for using models and other analyses to
help identify strategies which are effective for meeting an 8-hour national ambient air quality
standard promulgated in 1997. Pending outcome of litigation regarding these N

eaders

should review the “Foreword” section to the document to understand within which -
this information is being presented. Mention of trade namy ucts in this
document is not intended to constitute endorsement or rego
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Foreword

Readers should note that the U.S. Court of Appeals for the District of Columbia Circuit
issued a decision on May 14, 1999 which prohibited enforcement of the 8-hr ozone national
ambient air quality standard (NAAQS). Therefore, this draft guidance is being distributed at this
time to document the position of the Agency when the Court Decision was issued. Moreover, the
concepts developed in the guidance are applicable to other multi-hour standards. A¢¢hen the
t guidance and revise
it as appropriate. Distribution is being made since this docurpent is thefspO8u€t of an extensive
dialogue with the stakeholders from the modeling commun@##nd sint had numerous
nt of the drﬁ

fitants

include representatives from State and local governmen
industry, and environmental organizations in addition t

Distribution of this document should not be const
standard; it is merely provided for information to intere
the guidance at the time of the court decision. Thus, We
draft guidance document to State and local agenciessass
actions should be taken to implement this draft gils
resolved and final guidance has been issued

d to document the status of
Rriate to provide this



Executive Summary‘

Readers should note that the U.S. Court of Appeals for the District of Columbia Circuit
issued a decision on May 14, 1999 which prohibited enforcement of the 8-hr ozone national
ambient air quality standard (NAAQS). Therefore, this draft guidance is being distributed at this
time to document the position of the Agency when the Court Decision was issued. Moreover, the
concepts developed in the guidance are applicable to other multi-hour standards&When the
litigation issues have been addressed and resolved, we will review this draft guilance and revise
it as appropriate. Distribution is being made since this.docugent is t : of an extensive
dialogue with the stakeholders from the modeling commungg ad numerous
requests for release of the current version. Stakeholders ent of the dr
include representatives from State and local government '
industry, and environmental organizations in addition §

Distribution of this document should not be consh
standard; it is merely provided for information to inter.
of the guidance at the time of the court decision. Th priate to provide this
draft guidance document to State and local agencie he sstors. However, no
issues have been

hour national ambient air quality

standard (NAAQS) for ozone. T how to apply air quality models to

generate the predlctlons later usegito see if ata i¢shown. Guidance in this document
air 11fas*to “transitional” nonattainment areas for

determination. PartIc
accompanying an attainment demonstration. Sections ES1.0 - ES6.0 summarize the contents of

) "_of‘the guidance describes how to apply air quality models. The output from such a
model js:then used to support an attainment demonstration, as described in Part I of the guidance.
The recommended procedure for applying a model has 8 steps.

1. Develop a conceptual description of the problem to be addressed.



2. Develop a modeling/analysis protocol.

3. Select an appropriate model to support the demonstration.
4. Select appropriate meteorological episodes to model.

5. Choose an appropriate area to model with appropriate horizontal/vertical resolution.
6. Generate meteorological and air quality inputs to the air quality model.
7. Generate emissions inputs to the air quality model.

8. Evaluate performance of the air quality model and perform diagnostic tesft

likelihood of approval of the demonstration at the end
summarize Part II of the guidance.

ES 1.0. What Is An Attainment Demonstratio

An attainment demonstration consists of (a) an te whether selected
emissions reductions will result in ambient concentzati
identified set of measures which will result in
describes how to use air quality models and g
control strategy indicate attainment. Detegh )
relying exclusively on results obtained with air qu4 ) ese include the outcomes of a
modeled attainment test plus a screesy mate whether a proposed emission reduction
suffices to meet the NAAQS. O ds analyses, observational models,
etc. may be used to supplement and screening tests.

actions. This guidance
f results of a simulated

" ‘Provided the mo lattainment test and supplementary screening test are passed or
close to being passed, States may use a broader set of analyses to estimate if attainment is likely.
This is called a welghtmf evidence determination”. A weight of evidence determination
combines results of. tﬁ: modeled attainment and screening tests with other results obtained with
air quahty models,*as well as conclusions drawn from analyzing monitored air quality data,
ermsmons cstlmates and meteorological data. Results of each analysis are considered in concert
to detérmine-whether or not attainment is likely.



ES 2.0. What Is The Recommended Modeled Attainment Test?

The recommended modeled attainment test uses monitored design values in concert with
model-generated data. The test uses model results in a “relative” rather than “absolute” sense,
and is applied near ozone monitoring sites. Eight (8)-hour daily maximum ozone is predicted
near a monitor for each day in the test. Each day’s prediction is then summed and averaged, first
with current emissions and then with future emissions. The ratio of future to curr redicted
mean 8-hour daily maxima is then computed. This ratio is called the “refati duction factor”,
or RRF. The test consists of 4 steps. ' '

1. Compute a current site-specific design value fromgnonitored da
2. Use air quality modeling results to estimate a sit¢

3. Multiply the relative reduction factor obtained in
value in step 1. The result is a predicted site-specifig

the site-specific design
ign value. If this value is <

4. Repeat steps 1 through 3 for each moni : rent monitored design
value approaches or exceeds 84 ppb. I gite e-spegitic design values are < 84

specific monitbred maval s) times the relative reduction factor(s) predicted at the suspect
] ting estimated future design value(s) is < 84 ppb, the outcome is
not inconsistent w1th attail of the NAAQS. The screening test is discussed in Section 3.4.

ES 4.0. What Is A Weight Of Evidence Determination?

“:-A State should always utilize available air quality, meteorological and emissions data to
cornplemnnt a;modelmg analysis. These data are used to develop a conceptual description of an
area’s nonattainment problem. This description is useful for guiding a modeling analysis. If the
modeled attainment and screening tests are passed or nearly passed a State may choose to use a
weight of evidence (WOE) determination to estimate if attainment is likely.



A weight of evidence determination is a diverse set of technical analyses performed to
corroborate findings of the modeled attainment and screening tests. If a weight of evidence
determination is used, a State should consider a recommended core set of analyses consisting of
(1) a set of air quality model results which includes the previously described tests plus additional
analyses of estimated concentrations, (2) an analysis of observed air quality and estimated
emissions trends, and (3) an analysis of outcomes produced by observational models

of the core
t a strategy -
core analyses.

We identify factors which enhance credibility of evidence produg
analyses, as well as outcomes which would be consistent witly, the like
demonstrates attainment. This is illustrated in Table ES.1 i

A State may include other types of analyses, in
of evidence determination. For another analysis to be
satisfied:

(1) a State should discuss why the proposed analysis is

ily maximum concentration averaged over 3 consecutive
‘ €led exceedance in a particular episode is or is not

inconsistent w1th,¢ hus, usmg a model by itself to ngorously assess
whether the NAAQ

dlfferent years. Further; " :

7

lieve relatively resource-intensive models are needed to simulate
issions on ozone. Thus, the test uses observed design values to
anchor model predlcuons to the form of the NAAQS. Design values are, by definition,
calculated conmstentlyéwlth the form of the NAAQS, and their use allows a State to apply a
rcsource intensive me del to see how they might be changed by a control strategy.
ﬂ'ﬁ%iﬁﬁf‘bach recognizes uncertainty in model predictions. Problems in interpreting
modeI(restﬂts posed by uncertainty in the predictions may be greater for addressing the 8-hour
NAAQS than was true for the 1-hour standard. The 8-hour NAAQS is closer to continental
background values. Further, design values tend to be closer to the specified level of the NAAQS

than is true for the 1-hour standard. As a result, the signal (i.e., the change we wish to effect in




Table ES.1. Recommended Core Analyses For A Weight Of Evidence Determination

yavas
—

) 2
Type Of Analysis Factors Increasing Credibility Of
The Analysis
Air Quality Models -good model performance

-extensive observational data basg -
available b

-short projection periods
-carefully quality assured

-confidence in meteorologid
nputs

-good ability to pose and 3 ddress
questions about a s
adequacy :

3)
QOutcomes Consistent With
Hypothesis That A Candidate
Strategy Will Lead To Attainment

-the modeled ana.i&t test is

nearly passed, the Sqpiftoi®trategy
requires additional reductions and
rts are underway to

guently review/refine the

-substantial modeled improvement
in air quality is predicted using
several measures described in
Section 4.1.1.

-similar conclusions are reached
with other peer reviewed models




Table ES.1. Recommended Core Analyses For A Weight Of Evidence Determination

_(concluded)
¢)) 2 3
Type Of Analysis Factors Increasing Credibility Of Outcomes Consistent With
The Analysis Hypothesis That A Candidate
Straleg_x Will LeaddPo Attainment
Analysis of Air Quality and -current or future (air quality

Emissions Trends model) predicted design value igg

within a few ppb above 84 pphfet

-extensive monitoring netw;
exists

-both ozone and precurso
are available

-statistical model used to
trend for meteorological
explains much vari

fferences

ntinued, comparable relative
clions in emissions are
idedifor

exists in-the site-

»greater than 84

-an extensive monitoring network

exists

-precursor and indicator species are
measured using instruments with
appropriate sensitivity

-monitoring sites appear spatially
representative

-data have been quality assured,
and results are self-consistent

-plausible physical explanations
exist for findings

-Findings indicate sources
controlled in the candidate strategy
are important causes of observed
high ozone

-Analysis of indicator species
suggests the direction of the
strategy (e.g., emphasis on VOC or
NOx) is appropriate.




the design value) to noise (i.e., uncertainty in predictions) ratio may be smaller than heretofore.

The recommended modeled attainment test reduces uncertainty (i.e., “noise”) in three
important ways. First, monitored data (i.e., current design values) are incorporated directly into
the test. These data are likely measured with greater accuracy than an absolute model prediction,
and precision of the measurements is known. Second, the outcome of the test is based on a
composite set of calculations from several modeled days rather than a single day. d#iis reduces

ES 6.0. What Documentation Is Needed To
Demonstration?

A State should address 9 subject areas in its doffr T
Table ES.2. Documentation should be accompam ,
each of the 9 areas shown in the table. Docu i dressed in Section 6.0.

Acterizing an area’s nonattainment
al emissions or are regional factors
atial or temporal pattern in some

A conceptual description is g
problem. For example, is the pro

description of each nonattainment problem they

developing a solution. It serves as a means for guiding
h . T - nodeling analysis. Suggestions for developing a

conceptua] de i g’g%on 9.0.

Contam"

A

i
S A modelmg/analysm protocol is a document which identifies methods and procedures to
be used in the analy_;es* The protocol also identifies ground rules to be followed in undertaking
analyses,lo est1mate&m15510n reductions needed to meet the NAAQS Ground rules include a

parttmpate the process by which decisions will be made, means used for communicating issues
and decisions, and the methods, data bases and procedures to be used to obtain results. As the
name implies, the protocol should address use of other analyses as well as air quality modeling.
The document is usually prepared by the State/local agency(ies) having lead responsibility for the



Table ES.2. Recommended Documentation For Demonstrating Attainment Of The

8-hour Ozone NAAQS

" Sub!'ect Area Pugose of Documentation I Issues Included |

Modeling/Analysis Protocol Communicate scope of the analysis
and document stakeholder

involvement

Emissions Preparations and Assurance of valid, consis

Names of stakehq@panicipaﬁng
i iTi plementing the

Preparations.and Results

Results emissions data base. Appr surance methods applied;
procedures are used to deri
emission estimates neededs essing used to convert
quality modeling. model-compatible
ions from existing guidance
underlying rationale;
VOC, NOx, CO emissions by
State/county for major source
categories.
Air Quality/Meteorology Extent of data base and procedures

used to derive & quality assure
inputs for analyses used in the
weight of evidence determination;

Departures from guidance and their
underlying rationale;

Performance of the meteorological
model, if used to generate
meteorological inputs to the air
quality model.




Table ES.2. Recommended Documentation For Demonstrating Attainment Of The
8-hour Ozone NAAQS (continued)

I Subject Area Purpose of Docﬁmentation " Issues Included

Performance Evaluation for Air Show decision makers and the Summary of observational data
Quality Model (and Other public how well the model (or other | base available for i
Analyses) analyses) reproduced observations :
or otherwise performed on the days
selected for analysis

Diagnostic Tests Ensure rationale used to adj
results is physically justi 1ed and
the remaining resultg, : . G »with scientific

s performed, changes made and
ompanying justification;

Short summary of final predictions.




Table ES.2. Recommended Documentation For Demonstrating Attainment Of The
8-hour Ozone NAAQS (continued)

Issues Included

Description of the Strategy
Demonstrating Attainment

Provide the EPA and the public an
overview of the plan selected in the
attainment demonstration.

Qualitative description of the
attainment strategy

ich fails the screening
bed in Section 3.4;

ification of authority for
plementing emission reductions
in the attainment strategy.

Evidence that emissions remain at
or below projected levels
throughout the 3-year period used
to determine future attainment.

Data Access

%y

?.tbc EPA or other interested
S ‘repllcate model
pef%rmance and attainment
simulation results, as well as results
obtained with other analyses.

Assurance that data files are
archived and that provision has
been made to maintain them;

Technical procedures for accessing
input and output files;

Identify computer on which files
were generated and can be read, as
well as software necessary to
process model outputs;

Identification of contact person,
means for downloading files and
administrative procedures which
need to be satisfied to access the
files.

10



Table ES.2. Recommended Documentation For Demonstrating Attainment Of The
8-hour Ozone NAAQS (concluded)

| Subject Area Purpose of Documentation Issues Included
Weight of Evidence Assure the EPA and the public that | Description of the modeled
Determination the strategy meets applicable

attainment tests and is likely to
produce attainment of the NAAQS
within the required time.

Outcome of each anaiysts,
including the modeled attainment

ent of the credibility
ith each type of
this application;

-ative describing process used

6 conclude the overall weight of
available evidence supports a
hypothesis that the selected strategy
is adequate to attain the NAAQS.

Scope of technical review
performed by those implementing
the protocol;

Review Procedures Used

{an the attai
fixeflect sound practice
Assurance that methods used for
analysis were peer reviewed by
outside experts;

Conclusions reached in the reviews
and the response thereto.

w:
d .
X,
y

Com o N . .
modeling/analysis, in'consultation with stakeholders. The protocol should be kept up to date to
reflect: major subsequent decisions made after the initial version is completed. Specific topics

sheshould be-included in the protocol are identified in Section 10.0.

ES9.0. What Should I Consider In Choosing An Air Quality Model?

Several prerequisites need to be met for a model to qualify for use in supporting an

11



attainment demonstration.
1. The model has received a scientific peer review.
2. The model can be demonstrated to be applicable to the problem on a theoretical basis.

3. Data bases needed to perform the analysis are available and adequate.

4. Available past appropriate performance evaluations haye showpg; adel is not biased

toward underestimates.
5. A protocol on methods and procedures to be fol
6. The model is available to users for free or at a res

To select a qualifying model for a particular app
what attributes are needed for a qualifying model to ad@ress the Inment area’s 0zone
problem, and then choose among models possessi ctors should be
considered in selecting an air quality model fo icationsgEhese are listed in
approximate order of importance. '

Choice of a model shou’ld be concurred with by the appropriate U.S. EPA Regional Office and
U S. ~EEPA Model Clearmghouse

£r10r tb"usmg model results in a specific attainment demonstration, a State should show
that the model performs adequately in replicating base case observations available for that
demonstration. Further discussion of model selection occurs in Section 11.0.

12



ES10.0. How Do I Choose Meteorological Episodes?

States should consider four primary criteria when choosing meteorological episodes for
modeling. Tradeoffs among these may often be necessary. Such tradeoffs need to be resolved

on a case by case basis.

1. Choose frequently occurring episodes containing days reflecting a variety qﬁwmd
orientations observed to occur when 8-hour daily maxima exceed 84ippb 2 Sne or more

monitors.

2. Choose episodes containing days with observed 84
concentrations close to (e.g., + 10 ppb) the average &
monitoring sites during a 3-year period straddling
drawn (i.e., days approximately as severe as impli

3. Choose episodes containing days for which mea
indicator species and/or precursor measurements €

4. Choose a sufficient number of days so [able for use in the
modeled attainment test for each monit

:; :%i

Episode selection is discussed in Section 12.0.

13



ES11.0. How Do I Select A Modeling Domain And Its Horizontal/Vertical
Resolution?

States should review available air quality, meteorological and emissions data to help
select a domain size which is consistent with a nonattainment area’s problem but which is not
unnecessarily resource intensive. We suggest a procedure for comparing regional (upwind)
observations with local design values which may be useful in choosing between regibnal and
urban scale domains. A typical urban domain may be about 300 km on giside. pical regional
domain exceeds 1000 km on a side.

Choice of horizontal/vertical resolution presents 3
base management vs. scientific rigor. Sensitivity of resul
by case basis. For urban scale analyses and for the fine
grid cells as small as 4 km may be preferable. Howeve
flexibility in choice of grid cell size, so long as the cells
of regional applications may use 36-km grid cells or smalff large as 12 km are used
for an urban analysis or in a “fine” portion of a nested firid, Sta Lperform a test to assess
sensitivity of conclusions drawn simulating a tentatixe; elected se of such large
cells, if feasible.

or smaller Coarse portions

Models should ordinarily include vithin the planetary boundary
layer (PBL), and 1-2 layers above the PE ito place vertlcal layers so that
the maximum afternoon mixing he ]
sensitivity of conclusions drawn efifstrategy to use of more vertical layers

should be performed, if feasible

Air Quality Moﬁel'

We recommend‘ﬂlatStates use a dynamic meteorological model with four dimensional
data assnmllatlon (FDDA?) | 3 principal means for generating meteorological inputs required
by air quality models used in ozone attainment demonstrations. Any such meteorological model
whlch has received a scxcntlﬁc peer review may be used. As with the output from emissions
models itis cntlcalxhat results of meteorological models be quality assured. We identify several
mans for doing so:

1. comparison with upper air measurements “held back” from use in FDDA;

2. comparison of calculated trajectories with observed air quality patterns;

14



3. use of computer graphics to discern spatial discrepancies;
4. simulation of inert tracers to identify discontinuities or mass balance problems;
5. comparing results obtained with different meteorological models;

6. calculating and comparing divergence and/or dimensionless parameters andﬁbmparmg
these with expected ranges; : ~

7. comparing spatial ozone patterns obtained with a gg patterns, and

8. using process analysis to flag contributions mad
attributable to meteorological factors.

ith fine scales (i.e., 4-12 km)
ems. We suggest means

Applying meteorological models over extensive ¢
can be very resource intensive and present data base map
for reducing such problems.

values at the edges of
ality observations to
mce by beginning a

an applications and two or more
]s are the usual preferred means for
generating boundary conditions tQg égonal domain which is the focus of an
attainment demonstration. If an £ ) d, the domain should be large enough so
that emissions occurrmg m £ cel ' ity before sunrise remain within the domain

Air quality inputs are needed for initial
a modeling domain. There is no satisfacto

Producing needed -emissions inputs requires several steps. First, compile Statewide and
then countywide estlmaies for VOC, NOx and CO emissions for point, area, mobile and biogenic
emissions. Second, ,aquahty assure the outputs. Third, convert the resulting estimates into
speciated, grndded’hourly emissions using emissions models. Fourth, once again, quality assure
the results. Ema]ly, project gridded, speciated hourly emission estimates to a future year which
corresponds to two years prior to the deadline for meeting the NAAQS.

The U.S. EPA has prepared a series of guidelines relating to these steps as a part of the
Emission Inventory Improvement Program (EIIP), as well as a guideline for developing

15



emissions inventories. States should be familiar with these guidelines. States should use the
most recent emission estimates commonly available when applying the modeled attainment test
used to support an attainment demonstration. If available in a time frame compatible with
completing modeling in a timely manner, the National Emissions Trends Inventory (NET)
compiled for 1999 is the preferred source of information for State and countywide estimates in
portions of the modeling domain for which States who are stakeholders have no better
information. Otherwise the NET compiled for 1996, or derived for 1997 or 1998@@ be used.

Different means are used to obtain emissions informat : fieeded by air -
quality models. Ideally, location and daily/weekly emissiozfatte 30 glirectly available
Bestimated fof

profiles are desirable for point sources and major area s¢
then used to characterize emissions from other point sou fonary area, mobile an
biogenic sources. We identify several commonly used e

t demonstration to
be credible. We recommend that it be perfo e process needed to
derive required emission inputs to an air quaj ] jparing inventory estimates made for
different studies, computer graphics and &/ speciated air quality data
are useful means for quality assuring erp g emission inputs is

4. Compare predig;éd source attribution factors with estimates obtained using observational
* models. w2

S.fﬁotﬁﬁaférdrbservations and predictions on weekends vs. week days.
6. Compare observed and predicted ratios of indicator species.

7. Use retrospective analyses in which air quality differences predicted with models are
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compared with observed trends.

Most of these approaches are only able to address how well a model replicates a past set
of observations. While this is useful, the key question is, “how well does a model forecast
changes in ozone accompanying changes in precursor emissions?”. The 5th (weekend/week day
comparisons), 6th (use of ratios of indicator species) and 7th (use of retrospective analyses)
approaches have the potential to address this key question. However, each requlr@ditional
efforts to make certain measurements or to perform additional analyses e disgus
additional efforts in Sections 5.0 and 16.0.

All of the identified means for evaluating model
weaknesses. Thus, we recommend that as many of thes
evaluate model performance. Assessment of whether
properly done by considering evidence produced by all

Diagnostic tests should be applied throughout 2
key stages for use of these tests: (1) during model setu

ive reduction factors (RRF) or other
ctors.
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1.0 Introduction

Readers should note that the U.S. Court of Appeals for the District of Columbia Circuit
issued a decision on May 14, 1999 which prohibited enforcement of the 8-hr ozone national
ambient air quality standard (NAAQS). Therefore, this draft guidance is being distributed at this
time to document the position of the Agency when the Court Decision was issued. Moreover, the
. concepts developed in the guidance are applicable to other multi-hour standards£When the
litigation issues have been addressed and resolved, we will review this draft guidance and revise
it as appropriate. Distribution is being made since this docup ent is th of an extensive
dialogue with the stakeholders from the modeling commu ad numerous
requests for release of the current version. Stakeholdersf t of the d{ﬁ
include representatives from State and local government s,
industry, and environmental organizations in addition

Distribution of this document should not be cons.
standard; it is merely provided for information to interegfe: d to document the status
of the guidance at the time of the court decision. Thu¥y opriate to provide this
draft guidance document to State and local agencig ’ stors. However, no
actions should be taken to implement this draft gt issues have been
resolved and final guidance has been issued

1.1 What Is The Purpose Of Document?

. Theffirst is to

ain how to interpret if results of
ainment of the national ambient air

This document has two pug

. Part T of this document provides guidance for using results
rovides guidance on how to apply models to produce

support an-attain]
to help demon
these results.

With few exce P jdané’e herein should be viewed as recommendations rather than
requirements. States mayaus ‘j_ rnative procedures if these are justified to the satisfaction of the
appropriate U.S. EPA Regional Office. Generally, an attainment assessment which leads to
greater protection of theenvironment than that recommended in Part I of this guidance may be
used if a State choosesgo do so. Although this guidance attempts to address issues that may arise
in attainment demopsﬁ‘atnons, situations which we have failed to anticipate may occur. These
should be resolved:on a case by case basis in concert with the appropriate U.S. EPA Regional

1.2 Does The Guidance In This Document Apply To Me?

This guidance applies to all locations which are not attaining the 8-hour NAAQS for
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ozone according to data reported to the US EPA’s AIRS data base. This includes both
“traditional” and “transitional” nonattainment areas. Qualifications for a “transitional”
nonattainment area are defined in a 1997 Presidential Directive (Clinton, 1997). Under this
directive, States receiving this classification may not have to perform additional modeling under
some circumstances. States which have one or more “transitional” nonattainment areas should.
consult U.S. EPA (1999a). U.S. EPA (1999a) identifies prerequisites to qualify for no additional
modeling That reference a]so describes what a State needs to do instead if it ele do no
onattainment

areas are subject to the guidance in this document.

State implementation plan (SIP) revisions design
hour NAAQS in traditional nonattainment areas could
designated “nonattainment” (e.g., July 18, 2003, if des
this scenario, attainment demonstrations supporting theg
2002 to allow States sufficient time to complete rulemsa
demonstrations to support a 2003 SIP revision would n

. Thus, work uerlying
later than 1999.

from comparisons on different days at each receptor.
ons, including limits in the model’s formulation which

the demonstrations
We recommend several qualitative means for recognizing model limitations and resulting
uncertainties when pregmng an attainment demonstration. First, we recommend using models in
a relative sense in concert with observed air quality data (i.e., taking the ratio of future to present
predxcted air quahty*and multiplying it times a monitored design value). As described later, we
believe his- approach should reduce some of the uncertainty attendant with using absolute model
predictions alone. Second, we recommend that a modeling analysis be preceded by analyses of

'"Timing may differ for “traditional” and “transitional” nonattainment areas. See U.S. EPA
(1999a) for further discussion of “transitional” nonattainment areas.
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available air quality, meteorological and emissions data to gain a qualitative description of an
area’s nonattainment problem. Such a description should be used to help guide a model
application and may provide a reality check on the model’s predictions. Third, we offer the
option for States to use several model outputs, as well as other analyses besides models to
provide corroborative evidence concerning adequacy of a proposed strategy for meeting the
NAAQS. Outcomes of modeling and other analyses are weighed to determine whether or not the
resulting evidence suggests a proposed control strategy is adequate to meet the NM@S Finally,
we identify several activities/analyses which States could undertake, if {] ghoose, to better
apply models and corroborative approaches in subsequent regiews/an control strategy. -
These subsequent reviews may be useful for determining wii&Hic ng as expected
A State has the responsibility to prepare a subsequent S
SIP is substantially inadequate to achieve the NAAQS

Premise 2. Resource intensive approaches may often
attainment demonstration. This follows from the regi
approaching 0.08 ppm in large portions of the U.S. W
NOx emissions should reduce ozone in much of the eas . trations approaching the
.08 ppm level specified in the NAAQS will affect localzsi i attain the NAAQS in
the remaining nonattainment areas. ;

irquality model itself can be
t demonstration requiring resource

generating meteorological and e
substantial. States facing the ne
intensive techniques may wé'ﬁ}; toic

“specialize” i in that kind 0 sis, . Another example might be formation of a regional center of
some kind to,pe;form» analy cted by its client group of States.

quality data suggest zoné:concentrations approach levels specified in the NAAQS throughout
much of the eastern U.S:: darge parts of California. Near nonattainment areas, more
detailed attention may needfo’e paid to atmospheric mixing of nearby emissions than is
necessary for em1ssnons,m locations which are more remote from the nonattainment areas. This
is consistent with use gfnested regional models.

‘This guidgnée identifies several modeling systems* with nesting capabilities, including

’A modeling system includes a chemical model, an emissions model and a meteorological
model. Terms, such as this one, which are introduced using italics are defined more fully in a
glossary at the back of this guidance. *“Modeling system” and “air quality model” are used
interchangeably. “Air quality model” means “modeling system” in this guidance.
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one for which the US EPA will provide user support (MODELS3/CMAQ ) (U.S. EPA, 1998a).
Support includes documentation, ready access to the code, training, updates and limited
troubleshooting. We believe it is premature to identify MODELS3/CMAQ or any other nested
regional modeling system as the “guideline model” for ozone. States may use
MODELS3/CMAQ or an alternate modeling system provided certain criteria, identified in this
guidance, are met. These criteria apply equally to MODELS3/CMAQ and alternative air quality
model(s). The guidance also provides recommendations for developing meteorol jcal, air
quality and emissions inputs used in nested regional modeling systems ghd make€s suggestions
for quality assuring inputs and evaluating performance of emj ' Sgical and air-

£

quality models.

Premise 4. Problems posed by high ozone, PM, ¢ a
commonalities. Ozone formation and formation of se
common reactrons and reactants. Secondary particulate§ 5
sources contribute precursors to both ozone and PM, . If ions of the U.S., high regional
ozone and secondary particulates have been observed un Rise _
conditions. Reducing PM, is the principal controllabfé’mean ving regional visibility.
U.S. EPA policy is to encourage “integration” of pregrams to redue M, ; and regional

costs.

and regional haze, etc.). One reasgnt
ozone NAAQS is to check its coffipatibili ﬁ A ose details become known later) to

Thls guidance ad eSS 0 broad topics: Part I, “How do I use results of models and
otheranalyses to help dem% te attainment?”, and Part II, “How should I apply air quality
models to produce results'meeded to help demonstrate attamment"” Part Iis divided into 6

first use an air quality model to estimate current and future ozone concentrations. Next, use the
predicted relative changes in ozone in concert with measured data to estimate future ozone

*PM, ; are particles having aerodynamic diameters less than or equal to 2.5 micrometers.
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concentrations. We refer to this exercise as a “modeled attainment test”. If the test is passed and
a similar screening test, applied at selected locations without monitors, is also passed, these
outcomes suggest attainment will occur if the simulated control strategy is adopted. States have
an option to use a suite of model predictions as well as several additional data analyses for
corroborating conclusions reached with the modeled attainment and screening tests.
Corroborative analyses use air quality and emissions data plus additional interpretation of model
results. Results of the modeled attainment/screening tests and corroboratory anal are
considered together in a weight of evidence determination to assess whethe
“control strategy is likely to be successful in meeting the NAA
used either to require more or to require fewer control me
suggests is necessary. ’

detail. The Section includes examples illustrating use of angscreening
tests we recommend.

1d be performed, if a
ement results of a

Section 4.0 describes how a weight of eviden
‘State chooses to use evidence produced by corrobozz

al, optional analyses.

modeling plus a series of other core corrob {
one concentrations,

Modeling is generally the most reliable mge

makes its predictions more compe : ’ ildf#lways be included as part of a weight
of evidence determination. Eac ight of evidence determination is
1dent1f1ed along with conditiongahi ibility to its outcome. Outcomes which are
OntI rategy will work are also identified. Several
0 prov1 ded, along with recommendations for accompanying

) 1 . gathering activities and analyses which States could
undertake to-enhanceamod: and corroborative analyses to support subsequent reviews. None
: e current ozone SIP revision. However, they would increase
credibility of the modeling/analysis exercise. A subsequent review will be desirable to diagnose
whya strategy is or isn’t'e?wofking, or to relate the chosen strategy to others which are later
considered to reduce PM2 s or regional haze. The less extensive a data base underlying a modeled
attamment demonstratlon the greater the potential need for a subsequent review.

Scctlo 6.0 1dent1f1cs the necessary documentation describing the analyses used to
demonstrate attainment of the ozone NAAQS.

Section 7.0 lists the references cited in Part I and in this introduction (Section 1.0).
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Part I (“How should I apply air quality models to produce results needed to help
demonstrate attainment?”) begins in Section 8.0 with an overview of the topics to be covered.

Section 9.0 identifies a series of meteorological, emissions and air quality data analyses
which should be undertaken to develop a qualitative description of an area’s nonattainment
problem prior to a model application. As we describe, this qualitative description should be used
to guide the subsequent model application.

Section 10.0 identifies the need for a modeling/analysis protocg discuss the
protocol’s function as well as what subjects should be addy “

Section 11.0 addresses what should be consider
attainment demonstration of the ozone NAAQS. Sever,
of a model for this purpose.

Section 12.0 provides guidance for selecting suitg
attainment demonstration. Topics include a discussio
resulting implications for episode selection.

Section 13.0 identifies factors whic red in ghoosing a model domain
and horizontal and vertical resolution for

Section 14.0 addresses how ] ' ieal inputs as well as initial and
boundary air quality data for use ifiga: ingt ise spporting an attainment demonstration.
Topics covered include use of dyfi#imi i odels, four dimensional data
assimilation,aelationship toddo: i :

Sectlon 15,0 disct appropriate emissions estimates for use in the
selected air quahtyfmodel )] Clude use of available inventory estimates, quality
assurance, applicatic issionssmodels and estimating future emissions.

508,

Section 16. O“trca ,éth”‘itop
analyscs.

ics f model performance evaluation and use of diagnostic

The guidance concludes with Section 17.0, which lists references cited in Part I, and a
glossary of important tcrms which may be new to some readers.

’\3
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2.0 What Is A Modeled Attainment Demonstration?--An Overview

A modeled attainment demonstration consists of (a) analyses which estimate whether
selected emissions reductions will result in ambient concentrations that meet the NAAQS, and
(b) an identified set of measures which will result in the required emissions reductions. As noted
in Section 1.0, this guidance focuses on the first component of an attainment demonstration--
interpretation and conduct of analyses to estimate the amount of emission reducuoﬂ%‘feeded to
reduce ozone concentrations to a level which is consistent with meeting fhe NA 0S. Emission

rather than through broad “across-the-board” reductions frgf

States should estimate the amount of emission
attainment by using a modeled attainment test plus usi
without an ozone monitor. In addition to these tests, a §
results plus perform a set of other corroboratory analyses
evidence” produced by the tests and additional analyses jfit | proposed emission
reduction will lead to attainment of the NAAQS. ’

2.1 What Is The Recommended Modg

current and future air quality. If future ¢ of 812N value are < 84 ppb, the test
is passed. Our recommended test isQnei i ates are used in a “relative” rather
than “absolute” sense. That is, wef del’s future to current predictions at
relatzve reductzon factors. Future

ed sne-spec1 ic “future design value” is compared to 84 ppb.
n:values are < 84 ppb, the test is passed.

g

design values will be'les ’gﬁan T equal to the concentration level specified in the NAAQS for

ozone under meteorologxcalmnndltnons similar to those which have been simulated. By itself, the

sy

test makes no statement about:ffuture ozone at locations where there is no nearby monitor. Thus,
we require a supplementary screening analysis to identify other locations where passing the test
might be problematic @momtormg data were available. Like the test itself, this supplementary
screemng test is descnbed more fully in Section 3.0. Briefly however, it entails the following:

,;_*3 R
' -idengiﬁcﬁétion of areas in the modeling domain where “absolute” predicted 8-hour daily
maxima are consistently greater than those predicted in the vicinity of any monitor site,

and
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-computation of relative reduction factors for each identified unmonitored area with high
predicted ozone. These factors are then multiplied by the areawide design value to
obtain an estimated future design value for each such location.

2.2 What Does A Recommended Weight Of Evidence Determination Consnst Of?--
An Overview

As we note later in Section 9.0, States should always pe
air quality, emissions and meteorological data, and cons
results of the attainment and screening tests Such analy

may be used in a weight of evidence determmatlon toc
modeled results which do not quite pass the attainment e
attainment or screening tests are from just being passed, t scompelling contrary evidence
produced by corroboratory analyses must be to draw a nng from that implied by
the test results. If a conclusion differs from the outco
subsequent reyiew (several years hence) with mor
test is failed by a wide margin, we doubt that ]
evidence determination can be sufficiently cg at'the NAAQS will be

determination may be appropriate.

Table 2.1. Guidelin

ay A Weight Of Evidence
Determination Be Used?

Yes

Yes

Des gn Value > 90 Not ordinarily. More
ppb; f%t one or more sites qualitative results are
& unlikely to reach a

conclusion differing from
the outcome of an
attainment or screening test. ||

* Includes calculations at screening sites, if applicable
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In a weight of evidence (WOE) determination, States should review results from several
diverse types of analyses, including results from the modeled attainment test and, if applicable,
the screening test. States should next note whether or not results from each of these analyses
support a conclusion that the proposed strategy will meet the air quality goal. States should then
weigh each type of analysis according to its credibility as well as its ability to address the
question being posed (i.., is the strategy adequate for meeting the ozone NAAQS by a defined
deadline?). Next, conclusions derived in the two preceding steps are combined ta.é‘ke an
"‘ p1s a qualitative
o demonstrate
ates should

overall assessment of whether- meeting the air quality goal is likely. Th
one involving some subjectivity. If it is concluded that a strategy is i
attainment, a new strategy is selected for review, and the p
provide a written rationale documenting how and why th
adequacy of the final selected strategy.

Results obtained with air quality models are an
determination and should ordinarily be very influential i hether the NAAQS will be
met. This follows from including ability to address the gi#é} posed as one of two

criteria for weighing results from different analyses ant ility to integrate
information from scientific theory and observed data: pment and screening
tests are passed, this supports a hypothesis that th v i is information is
included as one of several elements in a weig ination to assess the strategy’s

adequacy. The further model results are ing thi erliittainment or screening test,
the more compelling results from othe yses have to ontrol strategy to demonstrate
ment tcﬁ screeniig test produces one or more

estimated site-specific future desig
sufficiently convincing to conclud

sense. ' Second, the role Athe";welght of evidence determination, when used, has been expanded.
That is, results can now be used as a basis for requiring emission reductions greater than those
implied by the modeled‘attamment test as well as a rationale for concluding that a control
strategy will meet théNAAQS even though the modeled attainment or screening test is not quite
paés'e‘d;wTheAre arggeveral reasons why we believe these changes are appropriate.

l.T!ieiforiri f the 8-hour NAA QS necessitates such an attainment test. The 8-hour NAAQS
for ozone requires the 4th highest 8-hour daily maximum ozone concentration, averaged over 3
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consecutive years, to be < 0.08 ppm at each monitoring site*. The feature of the NAAQS
requiring averaging over 3 years presents difficulties using the resource-intensive episodic
models we believe are necessary to capture spatially differing, complex non-linearities between
ambient ozone and precursor emissions. That is, it is difficult to tell whether or not a modeled
exceedance obtained on one or more days selected from a limited sample of days is consistent
with meeting the NAAQS. To do so would require modeling many days and, perhaps, many
strategies. This problem is reduced by using the monitored design value, calcula & i

2. Current design values for the 8-hour NAAQS are gen :oncentration

of 199425

ozone data reported in the U.S. EPA’s AIRS data base
have design values that are within about 40 ppb of the ¢
NAAQS. Thus, the “signal to noise ratio” in model app ] :
lower than is the case for the 1-hour NAAQS, if we contf absolute model predictions as
the basis for the modeled attainment test. This follows i : concentration we are

trying to reduce to the level of the NAAQS is closer to :

NAAQS. Therefore, difficulties posed by mode! unee; r the 8-hour

3. Starting with an observed rather th iron ’%s the base value subject to
improvement reduces problems in m&gp is follows for two reasons.

This fmdmg‘mayA facili
though-such days are no

4. Model results and proJectlons will continue to have associated uncertainty. The
procedure we recommcnd recognizes this by allowing use of modeling plus other analyses to
determine whether;welght of available evidence supports a conclusion that a proposed emission
reductxon Avﬂlsufﬁce to meet the NAAQS.

‘See 40CFR Part 50.10, Appendix I, paragraph 2.3. Because of the stipulations for rounding
significant figures, this equates to a modeling target of < 84 ppb. Because non-significant figures
are truncated, a modeling estimate < 85 ppb is equivalent to < 84 ppb.
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‘ 5. Focusing the modeled attainment test on monitoring sites could result in control targets

which are too low if the monitoring network is limited or poorly designed. We recommend
using a test for selected locations without monitors. This exercise provides a screening test for
identifying a possible need for more controls despite passing the modeled attainment test. As
noted in Table 2.1, a weight of evidence determination may also be used. A weight of evidence

the NAAQS. These results address relative changes in the frequency a
modeled 1-hour concentrations or high 8-hour daily maxima g
modeling. If corroboratory analyses produce strong evide _
meet the NAAQS, a weight of evidence determination mayst
inadequate, even if the modeled attainment test is passed

Recommendations. States should estimate emiss]

attainment using a modeled attainment test and
sites without monitors. The modeled attainment e

relative sense to compute relative reduction factors as a strategy. These

factors should be multiplied by monitored it monitors to
estimate future design values to compar ary, the modeled
attainment test should be supplemen ich applies similar
procedures using the areawide des ons without monitors.

States should undertake complen falyses
emissions data. These addi ' are needed to design and focus modeling

Its of the attainment and screening

T nl <of the tests in a weight of evidence
Jdence aetermmatlon includes the modeled attainment
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3.0 What Is The Recommended Modeled Attainment Test?

In Section 2.0, we provided an overview of the recommended modeled attainment test.
However, there are several decisions which must be made before the recommended test can be
applied. In this Section, we identify a series of issues regarding selection of inputs to the test,
and recommend solutions. We next describe how to apply the test and illustrate this with
examples. We then identify some implications resulting from the test. We conclude*with a
further discussion of a screening test recommended for locations withou@monitges for which
predictions are consistently higher than any near a monitoringsite. ‘” '

Equation (3.1) describes the recommended mode
monitoring site 1.

(DVF), = (RRE), (DVC),
where

(DVC), = the current design value (e.g., 1997-G

(RRF), = the relative reduction factor,

The relative reduction factozf J
maximum concentration pgedi eraged over several days) to

should future emissions vg lated for the modeled attainment test?

(3) In calculating the (gﬁF), , what do we mean by “near” site 17

4 Stv}ggral‘gggfaggzgﬁd cells may be “near” the monitor, which one(s) of these should be used to
calculate the:(RRF), ?

(5) Should any days be excluded when computing a relative reduction factor?

The preceding questions can be lumped under a single question, “how do I select appropriate
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inputs for the modeled attainment test?”
3.1 How Do I Select Appropriate Inputs For The Modeled Attainment Test?

Calculating the current site-specific design value (DVC),. The modeled attainment
test is linked to the form of the 8-hour NAAQS for ozone through use of current monitored

monitored design value (DVC), is calculated at each monitor by noting
maximum concentration in each of 3 consecutive years.. The arithmet.
then computed. Table 3.1 illustrates the procedure (i.e., n
truncated).

Table 3.1. Example Monitoring Data foy

(1) (2) 3) )
Monitoring Site 4th High 8-hr 4th High 8-h Average 4th
Number 1 Daily Max., Daily High 8-hr
Year 1 Daily Max. |}
Monitor 1 94 ppb g 87 pp 90.67 = 90 ppb
Monitor 2 89 ppb ¥ 82 ppb 84 ppb
Monitor 3 86 ppb

’1n the recommended modeled attainment
wide design value (used in the screening test
ds.to the highest of the average 4th high daily maximum

de design value for Nonattainment Area “A” is 90 ppb.

~We believe it is 11 t to consider as much available air quality data as defensible in
the modeled attainment <Thus, States should include monitoring sites having less than 3
years.of complete data fﬂr the current (e.g., 1997-99) period. As described below, for use in the
modeled attammem‘ test a State should calculate current des1gn values at s1tes having

1. Three years of complete (i.e., > 74.5% days during the ozone season have valid 8-hour daily

maxima) data are available in the current period. Calculate the current design value as shown in
Table 3.1;
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2. Three consecutive years of complete data are available, but only two of these are within the
current period (e.g., complete data are available for 1996-98, but not for 1997-99). However,
year 3 (e.g., 1999) of the current period has some observations at the site in question. Calculate
the current design value as shown in Table 3.1 for

(a) 1996-1998 (in this example), and

(b) 1997-1999 (in this example), using the 4th high 8-hour daily m
concentration observed in year 3 (1999, in this example

Use the higher of “(a)” or “(b)” as the current design val

3. If the conditions in neither “1" nor “2" are met ata s
or 3 of the years in the current period, choose the higherg
“(d)” exceeds 84 ppb, do not calculate a current design v
modeled attainment test. Under these circumstances, ingh
an overly optimistic estimate of a future design value.

(c) Calculate the current design value by A iighest 8-hour daily
maximum over 2 years at a site with 2 ¥

maximum over 3 years at a sit

used tq,des1gnate an area’3no ttmnment”5 The current design value used in the modeled

attainment and screenin 4s the higher of the two estimates obtained from (a) and (b). For
the'modeled attainment test, this choice should be made on a monitor by monitor basis.
Sel,ectlon of appropriatéxcurrent design values is illustrated below.

Example 3.1

leeni,g(l) An area is designated “nonattainment” for the 8-hour ozone NAAQS on the basis of

°For later, subsequent reviews, (b) becomes instead the most recent available 3-year
contiguous period of ozone observations
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1997-1999 monitored data.
(2) The most recent inventory reflects 1996 emissions.
(3) For purposes of illustration, suppose the area contains only 4 ozone monitors.

Find: The appropriate site-specific current design values to use in the modeled attainment test.

”%Eared design

 the highest of
ttainment test. -

Solution: Since the most recent inventory reﬂects 1996, we need to examine m

The procedure is shown in Table 3.2.

Table 3.2. Example Illustrating Selectio

Monitor 1995-97 Design CurMesign
Value, ppb Value (DVC) Used
In The Modeled
. Attainment Test,

which attainment is requiredavere 2007, air quality monitoring data from 2005- 2007 would
ultlmately be used to Judgé‘*w ether the NAAQS has been attained. Thus, in this example, the
projection year used in the modeled attainment test should be 2005. As noted in Section 6.0,
accompanying documentatlon should show that emissions remain at or below amounts projected
to thc mmal year of g€ 3-year period.

Identlfymg surface.grid cells near.a monitoring site. There are three reasons why we
beheve it iS appropriate, in the modeled attainment test, to consider cells “near” a monitor rather
than just the cell containing the monitor. First, one consequence of a control strategy may be
migration of a predicted peak. If a State were to confine its attention only to the cell containing
a monitor, it might underestimate the RRF (i.e., overestimate the effects of a control strategy).
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Second, we believe that uncertainty in the model’s formulation and inputs is consistent with
recognizing some leeway in the precision of the predicted location of daily maximum ozone
concentrations. Finally, standard practice in defining a gridded modeling domain is to start in the
Southwest corner of the domain, and reckon grid cell location from there. This is often, and
indeed should be, many kilometers from monitoring sites in a modeled traditional nonattainment
area. Considering several cells “near” a monitor rather than the single cell contammg the
monitor diminishes the likelihood of quirks in the test’s results resulting from ge gétry of the
superimposed grid system.

Earlier guidance (U.S. EPA(1996)) has identified
also consistent with the broad range of intended representé
monitors identified in 40CFR Part 58, Appendix D.

For ease in computation, States may assume thal
which it is located and that this cell is at the center of an 3
Figure 3.1, the number of cells considered “nearby” (i.e
function of the size of the grid cells used in the modeling. Tab
recommendations for defining “nearby” cells for grj
Thus, if one were using a grid with 4 km grid cg a 7 x 7 array of cells,
with the monitor located in the center cell. Sf¢ of topographic features,
demonstrated mesoscale flow patterns (e ces) or other factors to

Bnearby” cells. As shown in
.15 km of) a monitor isa
tides a set of default

'Grid Cells Used To Calculate RRF’s

Size of the Arrinz of Nearby Cells, unitlessJ
7x7
5x5
3x3
1x1

o
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Figure 3.1. Relationship Between Grid Resolution and Grid Cells
Considered to be in the Vicinity of a Monitor

(a) 36 km grid resolution

(b) 12 km grid resolution

{(c) 4 km grid resolution

—

—
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Choosing model predictions to calculate a relative reduction factor (RRF), ) near a
monitor. Two decisions need to be made. First, given that a model application produces a time
series of estimated 1-hour ozone concentrations (which can be used to calculate running 8-hour
averages), what values should be chosen from within the time series? ‘We recommend choosing
predicted 8-hour daily maximum concentrations from each modeled day (excluding “ramp-up”
days) for consideration in the modeled attainment test. The 8-hour daily maxima should be used,
because they are closest to the form of concentration specified in the NAAQS.

The second decision that needs to be made is, “whic ur daily maxima -
predicted in cells near a monitor should we use to calculatgd
the nearby grid cell with the highest predicted 8-hour dai
emissions for each day considered in the test, and the g
daily maximum concentration with the future emissiong
any given day, the grid cell chosen with the future emis
chosen with current emissions.

We believe selecting the maximum (i.e., peak)
subsequently calculating the relative reduction fact
First, it is likely to reflect any phenomenon whj rations within a plume to
migrate as a result of implementing controlsi better advantage of data
produced by a finely resolved modeling apfitysi

d¢led attainment test is computed by
predictions in the future to the mean

(3) F1gure 3.2 shows preﬁlcteﬂ 8- hour daily maximum ozone concentrations in each of the 9 cells
“near” a monitor with (a) future emissions, and (b) current emissions.

Find: The site-specific relative reduction factor for monitoring site I, (RRF),
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Figure 32. Choosing Predictions to Estimete RRFs

(a) Predictions With Future Emissions
Day 1 Day?2 Day3 Day4
75! 8786 7580 R 77|74 7! 81 | 80
80| 7 | 84 it il B 787974
R @ nir nimn ni®in
Future Mean Peak 84w Daily Max. =(87 +82+77 +81)/4 =81 ppb

0 og g0 100! 08! & 78 9101 % 8 9
%! g1i 88| - 100} 99| go & igoi90 818 gr
n¥ I 817! 70 8 m
%8 100 o1 )
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Solution:

(1) For each day and for both current and future emissions, identify the peak 8-hour daily

maximum concentration predicted near the monitor. Since the grid cells are 12 km, a 3 x 3 array
of cells is considered “nearby” (see Table 3.3). The numbers appearing beneath each 3 x 3 array
in Figure 3.2 are the peak nearby concentrations for each day.

(2) Compute the mean peak 8-hour daily maximum concentratlon for ( egand (b) current
emissions.

Using the information-in Figure 3.2,

(a) (Mean peak 8-hr daily max.)gp, = (87 + 82+ 77+ &
(Note that we have truncated the insignificant fig

(b) (Mean peak 8-hr daily max.)_,men = (98 + 100 + 91
(3) The relative reduction factor near site I is
(RRF), = (mean peak 8-hr daily max.)

=81/94 = 0.86

Figure 3.3 show: “from a study in which we modeled current and future emissions
for 90 days during 1995 usm : grid with 12 km x 12 km cells and 7 vertical layers. One
purpose of the study was*‘to assess the extent to which a relative reduction factor (RRF) is
dependent on the magmtude of predicted current 8-hour daily maxima. We examined RRF’s
computed near eachm‘f"l 38 monitoring sites in the eastern half of the United States. Sites reflect
a variety.of surnoundmgs and reductions in surrrounding VOC and NOx emissions to varying
degrees;. Zl’hc"'”urves depicting the relationship between mean current 8-hour daily maximum
concentrations and RRF averaged over 10 days for the two sites shown in the Figure are typical.
Generally, the RREF is not a strong function of the predicted current 8-hour daily maximum ozone
concentration averaged over several days when these averages are > 70 ppb. We would expect
relationships like those in Figure 3.3 to be more variable if they reflected averages over only 1-2
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Mean Relative Reduction Factor (FRF), unitiess

Fgue 33 Mean Relative Reduction as a Function of
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days. Thus, it is better to simulate several days so that RRF values are less likely to be affected

- by how closely a model’s predictions match observed 8-hour daily maxima at individual sites on

a given day.

The episode selection procedure recommended in Section 12.0 should help focus
modeling on days with observed concentrations near a nonattainment area’s design value.
Nevertheless, there will mev1tably be some modcled days where the predlcted 8- hﬁr

north. However, on days when the wind is to the south
from the control strategy. If local emissions are influe
we would expect to predict concentrations well below
with winds to the south. Presumably, there would be se
analysis needs to provide assurance that a strategy will
the nonattainment area, including the site south of the

site’s deS1gn valy a day
odeled days, since the

e recommend
ainment test is applied

As a rule of thumb to avoid overestimatg
excluding some modeled days from conside
near a monitoring site. More specifically gSta
predicted current maximum 8-hour dai

Solutmn. (1) Calculate tht an peak 8-hour daily maximum ozone concentration obtained
near- s1te I for current an&%future emissions. Exclude results for day 3 from the calculations.

(2) Compute the relative reduction factor by taking the ratio of (1)(a) over (1)(b).
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(RRF), = 83/96 = 0.86

Recommendations. States should estimate current monitored design values (DVC) for
each monitoring site in the nonattainment area using the procedures illustrated in
Tables 3.1 and 3.2. States should consider modeled 8-hour daily maxima from all
surface grid cells near a monitoring site. Default recommendations for “near” are
provided in Table 3.3. Site-specific relative reduction factors (RRF) sho
calculated by taking the ratio of mean highest 8-hour daily maxima "gned for the
future and current emissions. A day may be excluded.from cof :
the nearby peak modeled current 8-hour daily maxi
day is < 70 ppb.

3.2 How Do 1 Apply The Recommended Mo

States should apply the modeled attainment test
nonattainment area observing a current design value of
be applied at monitors (with current design values > 75
affected by transport from the area. If the focus of ag

those within one day’s travel time of the nopgtta ay’s travel time may be

estimated using trajectory models. If a trg at emissions occurring
within the nonattainment area shortly before sun or’s readings shortly after
sunset or earlier on the same day, S e site is “affected by

transport”from the nonattainmen : ‘andlyses (i.e., see Section 13.0), the

modeled attainment test general

met in an area if; OVer: 3 @eam - the average 4th hlghest 8- hour dally maxnmum ozone
concentration o -
conventions)®.” T resulting ﬁredicted future design values (DVF) are < 84 ppb, the test

Step 1. Compute a s1te-spec1fic current design value (DVC) from observed data.
£
This is doneas illustrated in Tables 3.1 and 3.2. The values in the right hand column of
Table 3.2 are s1te‘-spe01ﬁc design values.

Step 2. Use air quality modeling results to estimate the relative reduction factor for that
site.

®40CFR Part 50.10, Appendix I, paragraph 2.3
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This step begins by computing the mean peak 8-hour daily maximum ozone
concentration for future and current emissions. This has been illustrated in Examples 3.2 and
3.3. The relative reduction factor for site I is given by Equation 3.2.

(RRF), = (mean peak 8-hr daily max),,,./ (mean peak 8-hr daily max)_,en 3.2)

the column
t figures to the
values of “5"

Using Equation (3.2), the relative reduction factor is calculated
(5) in the last row of Table 3.4. Note that the RRF is calculated to tw
right of the decimal place. The last significant figure is oby
or more rounded upward. For the illustration shown in
days described previously in Example 3.3 have been si
monitored current design value at site Iis 102 ppb.

Step 3. Multiply the observed current design value o ;
reduction factor obtained in Step 2. If the estimated 1 , value is < 84 ppb, the
test is passed at the monitoring site being evaluateds

These calculations are illustrated in Table 3.4. ( dicted current modeled
peak 8-hour daily maximum ozone concen g pb). As discussed in

Section 3.1, predictions for this day are ngf mean values shown in the
last row of the Table.

durmg the 3 years use(ﬂf@;}he/basns for the current monitored design value. If the test is

jodeled-attainment test is passed.
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Table 3.4. Ekample Calculation of a Site-Specific Future Design Value (DVF),

ggsign
) alue,

B Col.(5) x

6)
Future Site-
Specific

(DVF),, ppb

1.(2)

1) (2) 3) 4) 5)
Day Observed Current Future Peak | Relative
Current Peak Predicted 8- | Red. Factor
Site-specific | Predicted 8- | hr Daily (RRF),
Design hr Daily max.conc
Value, max.conc - near
(DVC),, ppb | near Monitor, &
Monitor, ppb :
ppb
1 102 98 -
2 102 100 82 -
3 102 65 it
(Not téred

Considepé

2. Usealr quality

s

0.86
(i.e., 83/96)

88

ig-results to estimate a site-specific relative reduction factor.
;‘3 Multiply the relaﬁv eductlon factor obtained in step 2 times the site-specific

ue. If this value is < 84 ppb, the test is passed at the monitor site being

;fmomtored des;%value obtained in step 1. The result is an estimated site-specific

future design v

% eval ated

S o

peat steps 1-3 for all ozone monitoring sites with current monitored design values

> 75 Ppb during the 3 years used to compute the current monitored design value. If
the test is passed at each site, the modeled attainment test is passed.
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3.3 What Are Key Implications Of The Recommended Modeled Attainment Test?

The recommended modeled attainment test for the 8-hr ozone NAAQS raises some
implications which warrant further discussion.

1. The attainment test focuses on monitoring sites. In this sense, the modeled
attainment test is identical to the monitored test, used to define whether or not attaifient occurs.
One shortcoming of this approach is that there are usually only a small ph onitoring
sites compared to the area which is modeled. This could resylt in.the g cting 8-hour
daily maximum concentrations in one or more locations wh i predlcted neay
a monitor. If this result occurs consistently (e.g., predicte AXima at a
location is > 5% above any predicted near monitored lo
modeled), it should be investigated further. As describg
be completed if there is one or more locations with prec
any near a monitoring site. '

eight of evidence
analysis to assess whether attainment is likely. 20, a weight of evidence
determination includes an assessment of o ; which a ess dependent on

would be evidence that the State plans (4 , ng site in a location(s) where
the modeling suggests there could ) ng the NAAQS and is planning to
perform a subsequent review to r. ‘ tec rategy, if necessary. The weight of

evidence approach for demonstratir inpent is disgfissed in Section 4.0.

about the shape of a distribution of

; controls are in place. What is the basis for these

ssumes that the distribution of 8-hour daily maxima for each
1ed (e.g., the difference between the 90th percentile

Lan entration diminishes after controls are in place), but that a
day’s ranking in the ontrol distribution is similar to its ranking in the post-control
distribution. The first ofithese sumptions is common sense. Concentrations which are close to
background levels alreadyxarcmnhkely to be greatly affected by control measures (Lefohn, et al.,
1998). This assertion islso borne out by results of a study by Pacific Environmental Services
(PES), Inc. (1997) showmg trends in observed distributions of 8-hour daily maxima in 9 cities
between 1980 and 1995 The PES study also shows that relative change observed in typical 95th
and- 99th percentile: 8-hour daily maximum ozone observations between 1983 and 1995 is
generally snmlar A modeling study by Meyer, et al. (1997) lends further support by showing for
numerous cities that if a day is ranked as a severe one in the pre-control distribution of predicted
8-hour daily maxima, it will have a similar ranking in the predicted post-control distribution.

Our previously identified finding that a relative reduction factor tends to increase when current
predicted 8-hour daily maximum ozone is below about 70 ppb but is independent at higher
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predicted current values is consistent with these other studies.

3. The test adjusts observed concentrations during a current period (e.g., 1997-1999) to a
future period (e.g., 2010) using model-derived “relative reduction factors”. It is important
that emissions for the base period used in the test correspond with the period reflected by
the current design value (e.g., 1997-1999). Large deviations from this constraint may diminish
credibility of the relative reduction factors. For example, if 1990 emissions were g
emissions projected for 2010, the contrast would probably be greater thanzi
emissions were compared to the 2010 estimates. Presumably,,
relative differences in ozone between 1990 and 2010 vs
resulting smaller relative reduction factors were applied
State may underestimate 2010 ozone concentrations.

o larger predicted -
and 2010. If the

£

Unfortunately, the constraint described in the pr
confusion about just what we mean by “emissions for the!
case” is commonly understood to mean emissions corre
For example, if we were modeling a 1991 episode, “badse would be 1991
emissions. As described in Section 16.0, it is essentiak : missions together

aragraph may in
fiod”. That is, the term “base

However, once the model has been shown togpe ely, it igino longer necessary to
model the “base case” emissions. It now b iHIpOT node] emissions correspondmg

ﬁhp
corresponding to the statutory attain (62 . n this gundance we refer to the
former as the “current” emissions iny yemissions used for model performance

the current: desxgn value Ts 1999). This avoids the need to derive a “current” inventory
which differs fr entory. It also avoids the need for an additional air quality
model simulation cormspondmg*t urrent” inventory which differs from the “base case”

inventory. Howeve A t'be selected from the period corresponding to the current
design value, provided theym representatwe of meteorological conditions which commonly
occur when exceedanc D:l ;&ppm occur. The idea is to use selected representative episodes
to capture sensitivity of p pw i ed ozone to changes in emissions during such commonly
occurring conditions. There are at least two reasons why using episodes outside the period with
the current design valu@may be acceptable: (1) availability of air quality and meteorological data
from an intensive ﬁald“study, and (2) availability of a past modeling analysis in which the model

perfqnngq well, _@'%Wlth which the State is satisfied.

Recommendations. States should review absolute projected future model predictions
for 8-hour daily maxima to identify locations with consistently higher predictions than
any near a monitoring site. An additional screening test is needed for identified
locations. To apply the recommended modeled attainment test, States should use
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emission estimates which correspond (a) with the period represented by the current
design value (e.g., 1997-1999), and (b) with a year two years prior to the required
attainment date.

3.4 What Is A Screening Test, And Why Is It Needed?

¢ the ozone
red to report -
eductions in
SAQS were g

An additional review is necessary, particularly in nonattainmen
monitoring network JllSt meets or minimally exceeds the size f the ne
data to AIRS. This review is intended to ensure that a confs
ozone at other locations which could have current desi
monitor deployed there. The test is called a “screening’ ¢
were measured at a location identified in the test, mode}
sites with available measurements.

y at

in the domain where absolute predicted 8-hourf ipzone concentrations
are consistently greater than any predicted j i itoring site, and (2)
for each identified area, multiply a locati ion factor times the
areawide current design value for thedior mate a “future design
value”. If the resulting estimates
locations, the screening test is p.

prediction which exceeds any n
which focusgs on the 4th highe

ntration, averaged over 3 consecutive
for those implementing the modehng

deference might showAp in a design value averaging observations over 3 years should a monitor
be deployed at the ﬂagged location.

e mean by “areas in the domain” in the first part of the screening test? For
each{moda}cd day, States should consider individual surface grid cells with predictions more than
5% greater than any “near” any monitoring site. An array of cells, centered on the identified cell,
should be considered “near” the monitor (see Table 3.3). As a result, several cells may be
identified for each modeled day. If any surface cell shows up within these arrays on 50% or more
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of the modeled days, a future design value should be estimated for that cell using screening
procedures described in the following paragraphs.

Once one or more locations is identified with current predictions consistently exceeding
those near any monitor, we recommend applying a screening method to estimate future design
values for such locations. The screening method applies an equation similar to Equation (3.1).

For location j,
(DVFest)j = (RRF), (DVC,reamiae)
where

DVF,

est

= the estimated future design value obtaig
ppb;

(RRF); = the relative reduction factor at locatio
Section 3.1, unitless.
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4.0 If I Use A Weight Of Evidence Determination, What Does This Entail?

In Section 9.0, we note that it is preferable for States to analyze available emissions,
meteorological and air quality data to provide insights concerning appropriate inputs and
assumptions to include in air quality modeling analyses. States may wish to use outcomes of
corroboratory analyses to provide support for results of a modeled attainment or screening test, or

outcome or set of outcomes consistent with a hypothesi§ At
sufficient to meet the NAAQS within the required time ch an outcome occurs, then
results of that analysis support the hypothesis that the X
analysis is weighed qualitatively, depending on the ab
a strategy and on the credibility of the analysis. If I . fof) ev1dence
produced by the diverse analyses supports the

demonstrated with the proposed strategy. Thi
is a document which describes analyses ps s#key assumptions and
outcomes of each analysis, and why a Siiife believgs mce, viewed as a whole,
supports a conclusion that the area w ,
and screening test are from being jistpa £he more canvincing other evidence needs to be to

reach a different conclusion in a £ etérmination. As noted in Table 2.1, ifa
modeled attainment or screggiin ' 5 aniesogimore future design values > 90 ppb, we
believe it is}d btful tha@\ itative RrgUIN based on other analyses can be sufficiently
convincing to'su USTON; ent will occur

basis:by those impleme ung‘the modeling/analysis protocol. In Section 4.1, we identify several
recommended core analyses which should be used to corroborate one another in a wei ight of
evidence determinatio is appropriate to require considering a core set of analyses to reassure
reviewers and the pyblic that a selective set of analyses, supporting a particular viewpoint, has
not been. chosewﬁf is not feasible to perform one or more of the core analyses, a State should
document Vhy“not In Section 4.2, we note that additional, optional corroborative analyses may
be performed. We provide several examples of such analyses, and identify conditions which
should be met for them to be considered in a weight of evidence determination.
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4.1 What Analyses Should I Consider In A Weight Of Evidence Determination?

At a minimum, a weight of evidence determination should consider the following 3 types
of corroborative analyses: application of air quality models, observed air quality trends and
estimated emissions trends, and outcome of observational models.

4.1.1 Air Quality Models

Weight given to results obtained with
performance is as well as the rigor with whig
suggests that a relative reduction factor ayérz
mean 8-hour daily maximum ozone conée:
practical reasons, it may not be feasj
attainment test. It is conceivable
daily maxima could become noig _
credibility if.nearby maximufx i titlai axima agrce w1th observed values at the

1 tested. Figure 3.3
ays is insensitive to the

s at every site in the modeled
en RRF and current predicted 8-hour

lifference between the design value concentratlon
& t 'nment test (1 e., 84 ppb) and the concentratxon at which RRF

<.z Model applicatit‘fhs for which an extensive observational data base exists have greater
credence, especnally,affhe data base includes monitored values of indicator species and precursor
data:@qur ozone,mne of the most uncertain inputs to a modeling analysis is the emission
propcﬁo" vhich must be made to a future year(s) of interest. This uncertainty is reduced if the
projection-period is short. Hence, weight of evidence provided by modeling is increased with
short projection periods. If rigorous quality assurance and review is provided for the model’s
emissions and meteorological inputs, this may increase confidence that the model is yielding
correct answers for the right reasons. Thus, rigor used in preparing model inputs also increases
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Table 4.1. Recommended Core Analyses for a Weight of Evidence Determination, Factors
Affecting Their Credibility and Outcomes Consistent with Meeting the NAAQS

@) @) 3)
Type of Analysis Factors Increasing Credibility of Outcomes Consistent with
the Analysis Hypothesis That a Candidate

will Leattainment

~good model performance

| Air Quality Models

-extensive observational da

base available
-short projection period
-carefully quality assure -the attainment/screening tests
inventory are nearly passed, the control
tegy requires additional

-confidence in meteoro setions and efforts are
inputs to subsequently

ine the strategy
~good ability to
questions a mitment is made to deploy

tors at locations not passing
the screening test

-substantial modeled
improvement in air quality is
predicted using several measures
described in Section 4.1.1

-similar conclusions are reached
with other peer reviewed models
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Table 4.1. Recommended Core Analyses for a Weight of Evidence Determination, Factors
Affecting Their Credibility and Outcomes Consistent with Meeting the NAAQS (continued)

o))
Type of Analysis

Emissions Trends

Analysis of Air Quality and

2
Factors Increasing Credibility of
the Analysis

~current or future (dir quality
model) predicted design value
within a few ppb above 84 p

-extensive monitoring nety
exists

-both ozone and precu,
are available

-statistical model used tq
normalize trend for

Hypothesis That a Candidate

'ne to the required attamment

substantial improvement.

(3

Outcomes Consistent with

poy will Leaddo. Attainment

e indicates an 8-hour daily

bserved air quality trend
ers also show a
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Table 4.1. Recommended Core Analyses for a Weight of Evidence Determination, Factors
Affecting Their Credibility and Outcomes Consistent with Meeting the NAAQS

(concluded)
¢V 2 3)
Type of Analysis Factors Increasing Credibility of
the Analysis

Use of Observational Models -an extensive monitoring netwark
exists

-precursor and indicator £p
are measured using instryy
with appropriate sensi

-monitoring sites appear '

trategy (e.g., emphasis on VOC
representative "

Ox) is appropriate.

-data have been quality assured,
and results are selfzodiisiigent

e ntrations near site-specific design
values increases confidence that ; developed for use in the tests, are

approprlate:ﬁy

_ red recently is also advantageous. This follows
if there is"ador : wa in observed ozone. Selection of a “severe” episode
: earlier year may not actually be so severe. In Section

corroborative, more qua itative, analyses yield supporting conclusions about appropriateness of a
strategy. Finally, of th%%]alyses available, modeling reflects the most comprehensive attempt to
integrate emissions %ﬂfmeteorological information with atmospheric chemistry. As such,

mpd%xn has the test capability to address questions about adequacy of a strategy to meet air

The outcome from modeling supports use of a proposed strategy for attainment if the
modeled attainment and screening tests, described in Section 3.0, are passed. If the screening test
for future design values at locations without monitors is not passed, a commitment to deploy
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ozone monitors at such locations should be an important consideration in approving an
attainment demonstration. In general, the closer modeled output is to passing the attainment and
screening tests, the easier it is for other analyses to produce evidence which supports attainment.
If a modeled attainment or screening test is not passed, selection of a strategy which substantially
reduces precursor emissions and an agreement to perform a subsequent review (based on
improved data bases/tools) to refine the strategy, if necessary, can be considered in a weight of

the current selected strategy may lead to attainment. Other model-prod

quality using a variety of measures, and (2) other peer rev
suggest attainment occurs using modeled attainment test £

We recommend that at least 3 additional model piff
evidence determinations to provide assurance that passi
modeled attainment and screening tests indicates attainms

reasons, each of these additional outputs reflects relati . dxcted air quality. States
may use other model outputs (not described herein) in i e determination as
well.

1. Compute the relative change in gff ' ix pb in the nonattainment
area.

This output reflects the freq
concentration specified in the 8-h

§*are subject to a systematic bias, this
des are chosen to represent a variety of

2. Compute tge&elative change in the number of grid cells in the nonattainment
{8°hr daily maxima > 84 ppb.

f%e concentration specified in the NAAQS. Itis subject to the same caveats as the
preceding output. One additional complication may occur if there are not many surface grid cells
in which current emissions lead to 8-hour daily maximum ozone estimates > 84 ppb. An 80%
reduction in this measure may be regarded as an example of a “large” reduction.
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3. Compute the relative change in the total difference (ppb-hr) of hourly predictions
> 84 ppb in the nonattainment area.

Although not the same, this output is similar in concept to the change in the “dosage” to
concentrations greater than 84 ppb. Since we are interested in estimating the likelihood that a
strategy will lead to attainment rather than estimating reduction in total dosage, this output
should be calculated differently from the procedure ordinarily used to calculate dosfge metrics,
like SUMO06. We recommend using Equation (4.1).-

Where
RD = Relative Difference :
G = Predicted 1-hour cgni o) ¢ and grid cell j greater than 84
N = Total number o .
G = Total number

N *«xf

‘metric is sub the precedmg two metncs As with the other

ThlS approach i ize air quality trends observed over a period for meteorological
dlfferences occurring from'year to year. The Cox/Chu approach, used extensively in U.S.EPA
( 1996) is one example f’how air quality trends can be normalized (Cox, gt al., 1993, 1996).
Other procedures can SO be used. A curve is fit through the normalized trend and extrapolated
to‘thc e:year in which _c air quality goal is to be met. Extrapolations are made by considering past
: jast and projected emission reductions. If the trend is statistically significant,
alue for the attainment year is at or below the air quality goal, and projected
ion reductions are comparable or greater than reductions occurring during the
perlod for which the trend is constructed, results of the trend analysis suggest a strategy will be
adequate. This procedure is illustrated in Figure 4.1 and by the following example.
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Example. Estimate the relative reduction in emissions (VOC, NOx or both) occurring
during the period corresponding to the observed normalized trend in the average 4th highest
8-hour daily maximum in the nonattainment area. Use the estimated emission trend in
concert with the normalized air quality trend to determine an “emission reduction sensitivity
factor” (e.g., (ppb)/(percent emission reduction)). Multiply the sensitivity factor times the
percent reduction in emissions projected between the current period and the required
attainment date. Subtract the result from the current design value to get a projéo ed design
value. If the projected des1gn value is < .84 ppb, the trend analy81s STip -~ 1ypothesis that

correspondence between monitored design values and e
describe future air quality. This assumption probably
nearly meets the goal of being < 84 ppb. Weight given
other factors as well. The more air quality data available'\(E eater variety of trend
parameters which show major improvements, the more g sults. In the case of ozone,
availability of trends in ambient precursor data which psthe emissions and
ozone trends also lend credibility to the results. We
higher if the procedure used to normalize the :
of the variability attributable to these differ

erences explains much
is more believable if it

Observational models ta o1 ed data to draw conclusions about the
relative 1menance of dlffe ent : X emissions as factors contributing to
zo1 potentxal for domg thlS receptor models

ty approach (Cardelino, et al., (1995)).

rved 8-hour daily maxxmum ozone. Thus, observational approaches are ideally suited to

orate results gbtained for ozone with more quantitative techniques, like air quality models.
wyfgm?, e’ls observational models are also subject to uncertainties. Thus, results

i gnous should not be considered at odds with conclusions reached with an air
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Figre4 1. Bxarrples Showing Use of Trend Analysis in Attainment Demonstrations
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Observational models which rely on use of indicator species can be used to show whether
or not ozone may be sensitive to the types of precursors (i.e., VOC or NOx) reduced by a
particular control strategy. Receptor models, like the chemical mass balance approach, may be
useful for confirming whether a strategy is reducing the right sorts of sources. Observational
models can be used to examine days which have not been modeled with an air quality model, as
well as days which have been modeled. The resulting information may be useful for drawing
conclusions about the representativeness of the responses simulated with the aJr qufility model for
a limited sample of days

Summarizing, if conclusions.drawn with one or m
the types of sources to be controlled under a proposed sty
with high ozone and/or are those to which observed ozofii
that the strategy is directionally correct.

Strength of the evidence produced by observatio
monitoring network exists and at least some of the moni

measuring pollutants to the degree of sensitivity requi Evidence produced by
observational models is more compelling if sever complement one
another and produce results for which plausibl ions can be
developed. Indications of a strong quality agse collectéd data and measurements

erminations are best performed using a
ive fashion. Prior to its application, each
esiconsistent with concluding a
15 States should consider the following 3
evidence determmatlon. (1) output from

Recommendations. Weight of.e
variety of diverse analyses i
selected analysis should ha

" 4.2 What If I Wan ’;;l}d“Consider Additional Corroborative Analyses?

.= The list of analyses in Section 4.1 is not an exhaustive one. A State may use other types
of analyses to supplement the core set recommended for a weight of evidence determination. To
havcanother typeaf analysis considered, a State should identify why it believes the analysis will
prodncemfonnation which has a bearing on attainment of the NAAQS. .In addition, the
procedum 1o'be used in applying the method and the extent of the data base available to support
it should be identified. Finally, prior to application of the method, a State should identify
outcomes which would be consistent with a hypothesis that a proposed emission reduction
strategy will lead to attainment.
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Identity of additional corroborative analyses is, in part, a function of the available data
base and analytical tools, as well as questions posed by the outcomes of the recommended core
corroboratory analyses. For purposes of illustration, we identify some additional analyses of the
sort which States might consider. None of these is required, and States may well choose to
consider other optional analyses or no optional analyses at all.

Quantifying uncertainty associated with air quality model estimates. I;ﬁhis
guidance, we recommend that “uncertainty” be accounted for using a mgte ed at ainment test
which uses models in a “relative” sense and by recognizing atory analyses
may be desirable in a weight of evidence determination. T, pcertainty ina
qualitative way, without actually estimating it.

5 et

States may find it useful to quantify estimates of
qualitatively in a weight of evidence determination. In
tests which may be useful for this purpose. The first of
Reynolds, et al., (1997). This test is to prepare “alterna emission estimates,
reflecting reasonable alternative assumptions about cu ich lead to comparable
or better model performance. Note dxfferences in projecte i m these alternative
current emissions. A second test is to assume g A cyerpwth assumptions. This

sk 1 different, equally
probable, locations. Note the differences g j For the different growth
assumptions. Combinations of the first

an alternative grid resolution or
3 r example, due to resource

i ity obtained with a grid having 4 km
.uncertainty have been described in the literature (Gao, gt
‘y of these approaches also assess sensitivity of model

fables. For outcomes to be most relevant to the way we
ment demonstratlons itis preferable that such procedures

Once a range 1n§pr01ected design values is obtained using tests like those previously

descnbed a quahtatWeassessment can be made of how likely it is that a strategy will lead to
attainment of the@AAQS For example, if most of the results lead to projected design values <

84'1) ”ssuppons a conclusion that the strategy, if implemented, will demonstrate attainment.
Choice:of tests and interpretation of the outputs should be agreed upon beforehand in concert
with the appropriate U.S. EPA Regional Office.
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Compare monitored design values for the current period used in the test with those
measured in other periods. The objective of this analysis is to assess whether current design
values used in the modeled attainment and screening tests are atypically high or low due to
natural or meteorological conditions. If the current design values are lower (higher) than normal,
the tests would yield overly optimistic (pessimistic) results. :

An analysis of current design values is complicated by trends in emxss1on “or example,
one would expect design values measured several years previously to be i
'values if there has been an ongoing program to reduce precurgor emissit
necessarily imply that the current design value is atypicall '
trends can be addressed by examining statistical relationy
and 8-hour daily maximum concentrations to see wheth
ozone occurred more or less frequently than usual duri
are analogous to that described by Cox, et al., (1996) o
see how the current 3-year period ranks with other 3-yea terms of its meteorological
ozone forming potential.

States may use results of an assessment of themsexeri smonitored areawide
design value qualitatively to see if the value is WETRO
the current monitored areawide design valuess i igh (low), this could be
used to support an argument that the contgg i fiodeled attainment test is too
restrictive (not restrictive enough).

Examine Basis for inclu X cluding days fro calculations made in the modeled

ITeSpon
concentrations mcf e:]

‘%&
R Qmmendaggn . Optional analyses may be considered in addition to the 3
e )om_yrﬂnwendga*analyses identified in Section 4.1. To use an optional analysis in a
. ghtm evidence determination, a State should (1) explain the rationale for the
" analysis, (2) identify the data base underlying the analysis, (3) describe the
methodology to be used in applying the analysis, and (4) identify outcomes which
would be consistent with a hypothesis that a proposed control strategy will suffice to

attain the NAAQS.
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5.0 How Can I Improve Modeling And Other Analyses In Weight Of Evidence
Determinations?

In Section 4.0, we identified a set of analysés which should be considered when
performing a weight of evidence assessment of whether a proposed control strategy will lead to
attainment of the 8-hour ozone NAAQS. To be most credible, modeling and many of the other
analyses rely on presence of good emissions and ambient data bases. Although coffitnitment to
undertake subsequent review of a SIP revision is not a prerequisite for af f the revision,
States should anticipate a need at the required time of attainment to cq the NAAQS has -
indeed been met or to diagnose why not. In this Section, i ents and activities
which provide better support for modeling and other anal
determinations. Resulting improved data bases may in
reasons for attainment or non-attainment of the NAAQY
control strategy, if necessary. We conclude by identifyi
could benefit from prior efforts to improve available da

5.1 What Data Gathering Or Other Efforts
Analyses Or Subsequent Reviews?

Efforts to improve the monitored air, bases and to update and
improve emission inventory estimates sh t of evidence analyses (i.e
including modeling) and improved sub . section, we identify types of
monitoring which may prove helpfuk Dr isciss efforts to improve the inventory.

We conclude by identifying ways 4 ormation might ultimately be used.

‘Measurement o i
precursor category (VO ] wa) limits further production of ozone near the monitor’s location
at various times of day and under various sets of meteorological conditions (some of which may
not-have been prev1ousfy considered with an air quality model). Sillman (1998) and Blanchard,
et-al,; (1997, 1999) xdentlfy several sets of indicator species which can be compared to suggest .
whethe i edmzone is limited by availability of VOC or NOx. Comparisons are done by
lookmgiat,.*ratlos -0f these species. The following appear to be the most feasible for use in the
field’by-aregulatory agency: O,/NOy, O,/(NOy - NOx) and O,/HNO,. Generally, high values for
the ratios suggest ozone is limited by availability of NOx emissions. Low values suggest
availability of organic radicals (e.g., attributable to VOC emissions) may be the limiting factor.
For these ratios to be most useful, instruments should be capable of measuring NOy, NOx, NO,
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and/or HNO, with high precision (i.e., greater than that often possible with frequently used
“routine” NOx measurements). Thus, realizing the potential of the “indicator species method” as
a tool for model performance evaluation and for diagnosing why observed ozone concentrations
do or do not meet previous expectations may depend on deploying additional monitors. States
should consult the Sillman (1998) and Blanchard, et al. (1997, 1999) references for further details
on measurement requirements and interpretation of observed indicator ratios.

Receptor models are another class of.observational approaches
for corroborating assumptions made in air quality models or for diag
unexpected air quality observations in a subsequent revie '
applications, receptor models require observations of V :

which best explams speciated air quality observations ©
or by noting a limited number of species which track ea
variate statistical approach). Both approaches are limited
species. This prevents many distinctive source categorie 1
inconclusive results concerning which source categorié§are co
Measuring more species is a potential means for reduci

s at sd ese sites. Availability of sites

collocate monitors collecting gaseous oxgani n&e
i uremerygs could increase the power of

with collocated gas and aerosol pha
receptor models as diagnostic too

meastireme ;
meteorologlcal ‘data gi:é €eted wrthm 20 meters of the earth’s surface. However the modehng

day (e.g at night) surfaca:mcaSurements are not representatlve of air quahty or meteorological
conditions aloft. Concentratrons aloft can have marked effects when they are mixed with
ground-level emxssxons?dunng daytime. Thus, weight given to modeling results can be increased
if good agreemem 1seshown with air quality measurements aloft. The most important of these
measutcments are(;pzone NOy, NO, NO,, as well as several relatively stable species like CO and
selecte& C.species. Measurements of SO, may also be helpful.for identifying presence of
plumes from large combustion sources. Highest priority should be given to making
measurements near sunrise as well as during midday.

Measurements of altitude, temperature, water vapor, winds and pressure are also useful.
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Continuous wind measurements, made aloft in several locations, are especially important. They
provide a data base to “nudge” windfields, initially calculated with dynamic meteorological
models, so that these estimates are more consistent with observations. This provides greater
assurance that the air quality model correctly reflects the configuration of sources contributing to
ozone formation. Temperature, pressure and water vapor measurements aloft provide a basis for
assuring that the air quality model accurately reflects vertical exchange and mixing within the
planetary boundary layer. This is a key factor affecting dilution of emissions, as
atmospheric chemistry.

Collecting locally applicable speciated emission
a library of default VOC emissions species profiles (U.S
www.epa.gov/ttn/chief/software.html#speciate, some Qf
reflect local sources. Use of speciated emissions data i
balance receptor model as well as to air quality models
for local sources should thus enhance credibility of severaj
use in a weight of evidence determination.

improve specia
hrocedures recommended for

use in two subsequent reviews. The firs 1S 4 attainment is the goal (e.g.,
2010 for ozone). The second is some infe iatesy . £5-2007). This intermediate
projection could be useful to help o quent observed ozone trends which
are inconsistent with earlier expect Ehir quality model. Retention of

__ wpare the projected inventory estimates

when addressing strategies to meet goals for PM, ; and visibility.
ozone strategies with strategies for meeting these goals, States
y on summertime em1ss1ons of VOC NOx and CO for purposes

Anticipating the need t
may.. wish not to focus e

tates should retain meteorological as well as current and projected emission input files
developed to support the 2003 SIP revision. When a model is applied with updated emissions
estimates and/or with meteorological inputs indicative of episodes chosen in 2005-2007, several
useful comparisons are possible if the old files are retained. That is, a State would be better able
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to determine whether differences are explained by revised emission estimates, poor choice of
meteorological episodes in the initial analysis or by changes which have occurred in the model
formulation during the intervening years. Insights from such comparisons should help a State
explain why changes in the strategy reflected in its 2003 SIP revision may or may not be
necessary.

5.2 Why Is It Desirable To Plan For A Subsequent Review?

Commitment to undertake activities supporting subseguent rey, SIP revision is not
a prerequisite for approval of the revision. Thus, “why do
about it now?” Subsequent reviews will be needed at th:
is required for nonattainment areas. The purpose of suc
has indeed been met, or to diagnose available informati
attainment date for traditional nonattainment areas coul

late as 2010.
5.2.1 Integration With Attainment Strategi

A 2010 attainment date for the 8-hour ible i lassified as “severe”
or “extreme” nonattainment areas for the 1 :

given to attaining the 1-hour NAAQS. Ad cedefito meet the 8-hour NAAQS,
may be implemented after the attainmenfidate for ; ARQS. Thus, the projected
attainment date for areas with the s occurs well after 2003, when the
SIP revision may be due. Further i ’the required time of attainment for

the 1-hr NAAQS in “severe” nogatta ew and diagnose emissions and air
quality data so as to refine ani ‘ g the 8-hour NAAQS. Such a review,
performed: at: anmterlm elp {: ategies for meeting the 8-hr and 1-hr

a strategy for meetmg the 1- NAAQS, Wthh are reflected in air quallty and emissions data
cxrca 2005- 2007 "Thus two su%sequ mwews are desirable for nonattamment areas with later

nonattainment areas “mdatzihmtlme the 8-hour NAAQS must be met). For nonattainment areas
with more immediate attainmentidates (e.g., 2005-2007), only one subsequent review is
appropriate within the t1me¢ﬁ:ame required for attainment. This might occur at the time
attainment is required. ;;

5.2.2 Antlcgpated Modeling Principles For PM, ; And Visibility, And Integrating
Ozone Strategles"‘W ith Goals For PM, ; And Visibility

The'U.S. EPA’s policy is to encourage integration of control strategies to reduce ozone
with those designed later to meet NAAQS for PM, 5 and reasonable progress goals to reduce
regional haze. We believe such integration will reduce overall costs of meeting multiple air
quality goals. The desire to integrate strategies meeting air quality goals for ozone, PM, ; and
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regional haze is another reason for subsequent review of an ozone SIP revision submitted in 2003
~ or earlier. Much of the data base used as a basis for later PM, 5 SIP revisions will be collected
during 2000-2002. Thus, the scope of the PM, s problem, if any, will not be fully known at the
time modeling and other analyses must be completed to support the 2003 or earlier SIP revisions
for ozone. We anticipate that SIP revisions for PM, s will be due about 2007-2008---about the
same time as a subsequent review of the sufficiency of the previously selected strategy to meet
the 8-hour ozone NAAQS. Periodic review of strategies to improve visibility is a ticipated
within this time frame. - '

Guidance for demonstrating attainment of PM, ; N4
reducing regional haze is not yet available (i.e., as of mi
guidance will be subject to intense review. Consequent
and regional haze could change. Nevertheless, we presé
to help States develop data bases and capabilities for co
strategies for ozone, PM, s and regional haze in a subseq
the 8-hour NAAQS for ozone.

control strategy on
mean PM, ; for each

1..Emissions and meteorological conditions va

‘with organ
ith elemental carbon;
-mass associatedawith-all other species.
~3. The recommend%dfmdeled attainment test for the annual PM, ; NAAQS will focus on
. ,“Emonitoring sites %th speciated data. Models will be applied in a relative sense to estimate
.component- anﬁ%@te-speciﬁc relative reduction factors. Relative reduction factors will be
~used with current speciated design values to estimate future design values. A weight of
:approach will be identified as an alternative to using the modeled attainment test
4 . "Because the period of record for measurements is much less than that for ozone,
observational models will probably be relatively more important and trend analysis relatively

less so.
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4. Ambient air quality data should be reviewed to assess whether exceedances of the
concentration specified in the 24-hr NAAQS for PM, ; is a hot spot problem significantly
influenced by nearby primary emissions, or a problem which is significantly influenced by
more pervasive high concentrations of secondary PM, ;. If the problem is a hot spot problem
and a model performs well predicting primary PM, ; from the nearby source(s), a modeling
approach similar to that followed for PM,, may be appropriate. If the problem is more

performance predicting primary PM, , is poor, a relative approach
the annual NAAQS is likely.

5. Visibility attenuation estimates will be obtained fi
previously identified major components of PM, ;. Am
will estimate relative reduction factors for the majg
used with speciated PM, ; concentrations representy :
in a Class I area to estimate representative future sp mcentrations of PM, . Current
and future visibility extinction coefficients will th 'ng procedures described
in Sisler (1996). Reasonable progress will be det g estimates of current
and future extinction coefficients to see wheth ent goal is realized.

Recommendations. The following dat ies may lead to more

A G SRNGRS

-retam meteoro , current and projected emlssmn files as well as output files
- used in modelii; 2fll ¢'strategy reflected in the initial SIP revision for possible
future dlagnostl ) ts with newer data bases and/or models.

A State need not mclude plans for a subsequent review of its strategy demonstrating
“attamment of the*8-hour NAAQS for ozone as part of its initial SIP revision.
Howgveg:; wsubsequent review will be needed at the time of required attainment to

as certam,iwhether attainment has occurred. States with a protracted attainment date
"“for‘the 8-hour NAAQS may also wish to consider a subsequent review at the time the
1-hour NAAQS should be met (e.g, 2005-2007). Subsequent reviews may be helpful for
“integrating” strategies to meet the 8-hour ozone NAAQS with those for meeting the 1-
hour NAAQS and with those addressing air quality goals for PM, ; and regional haze.
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6.0 What Documentation Do I Need To Support My Attainment Demonstration?

States should follow guidance on feporting requirements for attainment demonstrations in
U.S. EPA (1994). The first 7 subjects in Table 6.1 are similar to those in the 1994 guidance.
The 1994 guidance envisions an air quality model as the sole means for demonstrating
attainment. However, the current guidance (i.e., this document) identifies a weight of evidence
detcrrmnatlon as a means for corroboratmg the modeled attamment test in an attalnment

accompanying an attainment demonstration. These are
determination, and identification of reviews to which
demonstration have been subject.

Recommendations. States should address the 9 st
documentation accompanying an attainment denx
should contain a summary section which addreéss
detailed information should be included in app

he documentation
min the table. More
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Table 6.1. Recommended Documentation for Demonstrating Attainment of the 8-hour

Subl'ect Area

Modeling/Analysis Protocol

NAAQS for Ozone
Pu!__'gose of Documentation Issues Included
Communicate scope of the Names of stakeholders

analysis and document
stakeholder involvement

Emissions Preparations and
Results

Assurance of valid, consig
emissions data base. Apphg
procedures are used to de
emission estimates need
quality modeling.

£

cessing used to convert
e to model-compatible

ions from existing
guidance and underlying

VOC, NOx, CO emissions by
State/county for major source

categories.

Air Quality/Meteorology
Preparationsand Results,

Extent of data base and
procedures used to derive &
quality assure inputs for analyses
used in the weight of evidence
determination;

Departures from guidance and
their underlying rationale.

Performance of meteorological
model if used to generate
meteorological inputs to the air
quality model.

|

o
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Table 6.1. Recommended Documentation for Demonstrating Attainment of the 8-hour

NAAQS for Ozone (continued)

Performance Evaluation for Air

Sub!'ect Area I Pugose of Documentation

Show decision makers and the

Issues Included "

Summary of observational data
base available for ghmparison;

Quality Model (and Other public how well the model (or

Analyses) other analyses) reproduced
observations or otherwise
performed on the days selec
for analysis

Diagnostic Tests Ensure rationale used to adjis

model inputs or to disc
certain results is physi
justified and the rer
results make seqy

T£ performed, changes made
g’d accompanying justification;

Short summary of final
predictions.
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Table 6.1. Recommended Documentation for Demonstrating Attainment of the 8-hour

Subject Area l Pquse of Documentation

Description of the Strategy
Demonstrating Attainment

NAAQS for Ozone (continued)

Issues Included

Provide the EPA and the public
an overview of the plan selected
in the attainment demonstration.

‘implementing emission

Qualitative description of the
attainment strate
3 &‘;)‘

MC, NOx, and/or

dentification of authority for

reductions in the attainment
strategy.

Evidence that emissions remain
at or below projected levels
throughout the 3-year period
used to determine future
attainment.

Data Access

lﬁterested parties to replicate
model performance and
-attainment simulation results, as

1 well as results obtained with

other analyses.

Assurance that data files are
archived and that provision has
been made to maintain them;

Technical procedures for
accessing input and output files;

Identify computer on which files
were generated and can be read,
as well as software necessary to
process model outputs;

Identification of contact person,
means for downloading files and
administrative procedures which
need to be satisfied to access the
files.
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Table 6.1. Recommended Documentation for Demonstrating Attainment of the 8-hour
NAAQS for Ozone (concluded)

" Sub!'ect Area Purpose of Documentation Issues Included II

Weight of Evidence Assure the EPA and the public Description of the modeled

Determination that the strategy meets applicable | attainment test andiobservational
attainment tests and is likely to
produce attainment of the
NAAQS within the required ti

ed to conclude the overall
“weight of available evidence
supports a hypothesis that the
selected strategy is adequate to
attain the NAAQS.

Review Progs ide a " : ) Scope of technical review
: 2 performed by those implementing
the protocol;

Assurance that methods used for
analysis were peer reviewed by
outside experts;

Conclusions reached in the
reviews and the response thereto.
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Part II. How Should I Apply

Produce Results Needed To Helg ttainment?
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8.0 How Do I Apply Air Quality Models?-- An Overview

In Part I of this guidance, we described how to estimate whether a proposed control
strategy will lead to attainment of the ozone NAAQS within a required time frame. We noted
that air quality models play a major role in making this determination. We assumed that
modeling had been completed, and discussed how to use the mforrnanon produced. We now

2. develop a modeling/analysis protocol;
3. select an appropriate air quality model to use;
4. select appropriate meteorological episodes to mq
5. choose a modeling domain with an appropriate n
sized grid cells;

6. generate meteorological and air quality inputs to
7. generate emissions inputs to the air quality mo
8. evaluate performance of the air quality mode

how they are interrelated. Because many gF _ iSrderable effort to execute,
States should take care to keep the apprgpri 88 _ Office(s) informed as they
proceed. This will increase the like]ihoo vable attainment demonstration
when the work is completed. Step i i
Sections 9.0 - 16.0.

I.?’u
e

appropriate stakeholde s.and develo,

: odeling protocol without knowing whether resolution
of the problem I {

ation and cooperation with other nearby States.

The State contaml e:designated nonattainment area is expected to initially
characterize the proble “characterization provides a starting point for addressing steps
needed to generate required information by those implementing the protocol. Several examples
of issues addressed in th% initial description of a problem follow. Is it a regional or local
problem? Are factors<out51de of the nonattainment area likely to affect what needs to be done
locally? Are mon toring sites observing violations located in areas where meteorology is
complex or where there are large emission gradients? How has observed air quality responded to
past efforts to reduce precursor emissions? Are there any ambient measurements suggesting
which precursors and sources are important to further reduce ozone? What information might be
needed from potential stakeholders? As many of the preceding questions imply, an initial
conceptual description may be based largely on a review of ambient air quality data. Sometimes,
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methods described in Section 4.0 (e.g., trend analysis, observational models) may be used. Other
times, these types of analyses may be deferred until after a team is in place to develop and
implement steps following a modeling/analysis protocol. The initial conceptual picture may be
based on less resource intensive analyses of available data.

2. Develop a modeling/analysis protocol A protocol describes how modeling will be
performed to support a particular attainment demonstration. Its direction and parti¢ipating

stakeholders are influenced by the previously developed conceptual des Fipti e problem to
be resolved. The protoco} outlines methods and procedures whi
subsequent 6 steps needed to generate the modeling resul
modeled attainment and screening tests as well as other ¢
evidence determination. It does this by: a) identifying
modeling, b) identifying those who will review each stg
be used to consider input/suggestions from those poten
“stakeholders™), and d) outlining how decisions will be
needed to complete each step in the modeling procedur:
plan” and the “rules of the game”.

ing technical analyses
rotocol defines the “game

3. Select an appropriate model for use. Thijg : iew aur quality data to gain

the Guideline for Air Quality Models (U
of those performing the modeling. Idenf
the process, since it may affect how e

Hsidering experience/expertise
del to be used is an early step in
gical information are input to the
ce of the horizontal/vertical

ogical episod odel. Like the preceding step, this step
data. Ni%”also requires a thorough understandmg of the

sreview of meteorological conditions which have been
ances of the concentratxon speafled in the NAAQS

;_ « ed in the modeled attainment test, and b) reflect a variety of
meteorologlcal condmons which have been commonly observed to accompany monitored
exceedances. This latteltx objective is desirable, because it adds confidence that a proposed
strategy will work unﬂcr a variety of conditions.

S.MChoo lef eling domain with an appropriate number of vertical layers and
appropnately sized grid cells. Appropriate domain size is influenced by the choice of episodes
modeled. Meteorological and air quality (i.e., ozone) data corresponding to these episodes and, if
applicable, to other, plausible episodes, need to be reviewed prior to choosing size of the area
modeled. Presence of topographical features or mesoscale meteorological features (e.g., land/sea
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breeze) near or in the nonattainment area of principal interest are factors to consider in choosing
size of individual grid cells and the number of required vertical layers for that portion of the
modeling grid. Another factor affecting choice of grid cell size is the available spatial detail in
the emissions data used as input to an emissions model. Finally, feasibility of managing large
data bases and resources needed to estimate meteorological inputs and air quality in many grid
cells are factors which cannot be ignored in choosing size of a domain and its grid cells.

Unlike emissions, meteorological inputs remain constant durj
“future” periods simulated with the air quality model. Neyg
specifying these, as they may affect relationships predicte
modeling may have to consider large geographical area
modeling has shown that meteorological conditions alo
predicted ozone. Finally, meteorological monitoring is
especially, aloft. Thus, we recommend that meteorologi ordmanly be used to generate
meteorological inputs. Application of meteorological 0
resolution in the preceding step are closely related. M ditions near the area

which is the focus of an attainment demonstration i e gpatial resolution. On

K : eoff between
cost/feasibility of running air quality and gi€teorologica esolution at which it might

ions anddoundary conditions to the model

Air quality inputs consist i
be diminished by beginning a simulation ata

domain Importance of initial coj

the modeling exerci

7. Generate emissions:inputs:to-the air quality simulation model. Emissions are the central
focus in a modeled attainment:demonstration. That is, they are the only input to an air quality
model which those 1mplcmentmg the protocol can control. Hence, they are the major input
which gets changed between the present and future. Emissions which are input to an air quality
modcl are generated /smg an emissions model. Applying such a model is as complicated as the
air quahty modelﬂtsclf and demands at least as much attention. In current emissions models,
emissions: from some of the major source categories of ozone precursors are affected by
meteorologxcal conditions. This requires an interface between meteorological inputs and
emissions. Emissions which are input to the air quality model are also affected by the latter’s
horizontal/vertical resolution and, of course, the size of the area modeled. In short, treatment of

emissions is a central and complex one which, itself, involves several steps. These include
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deriving emission inventories, quality assuring results, applying results in an emission model(s),
and (again) quality assuring results. Emission inputs may be needed for as many as 3 periods: (1)
a “base case period” corresponding to that of the selected episodes, (2) a “current period”,
corresponding to that represented by the current monitored design value, and (3) a future period,
corresponding to a time two years prior to the required attainment date.

8. Evaluate performance of the air quality snmulatlon model and perform dlaﬁlostnc tests.

performance and conducting diagnostic tests depend on prid iti i ise_
and specification of model inputs. Hence, this is general 5 ]

comparing predicted and observed ozone, or visual inspe
These are still important tools. However, photochemic
possible to get similar predicted ozone concentrations
inputs. There is no guarantee that ozone will respg

ve many inputs, and it is
binations of these

species, use of corroborative analyses w
analyses.

Diagnostic tests are separate iofis which arégperformed to determine the sensitivity
of a model’s ozone predlctxons t ious infut cqnodel. This can be done for a variety of
purposes, including selectl ) i fategies, prioritizing inputs needing greatest
quality assurance and asscsmn -d with model predictions. In performmg
such tests,: States

mformatlon requlred for use in modeled attainment demonstrations.

1. Formulgté;a conceptual description of an area’s nonattainment problem.
2. Develop'a modeling/analysis protocol.
_ 3. Choose an appropriate model.
4. Choose appropriate episodes.
5. Choose a modeling domain with an appropriate number of vertical layers and
appropriately sized grid cells.
6 .Generate appropriate meteorological and air quality inputs.
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7. Generate quality assured emissions inputs. ‘
8. Evaluate model performance and undertake diagnostic tests.

Execution of subsequent steps should be performed in accordance with procedures
identified in the protocol. Rationale and outcome of the steps should be documented as
described in Section 6.0. To increase the likelihood of an approvable demonstration,
States should carefully coordinate development and execution of steps with’the
appropriate U.S. EPA Regional Office(s).
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9.0 How Do I Get Started?

A State should start developing information to support a modeled attainment
demonstration by assembling and reviewing available air quality, emissions and meteorological
data. Current design values should be calculated at each ozone monitoring site, as described in
Section 3.1. If past modeling has been performed, the emission scenarios examined and air

quality predictions may also be useful. Readily available information should be *by a State
to develop an initial conceptual description of the nonattainment problepsi a which is the
focus of a modeled attainment demonstration. A conceptual escnpn mental for

influence a State’s choice of air quality model, modeling £
quality assuring and refining emissions estimates and chy
potentially effective control strategies. In general, a co
State to identify priorities and allocate resources in pe
demonstration.

In this Section, we identify key parts of a concé ¢l We then present
examples of analyses which could be used to describeses ‘
analyses may be complemented later by additiqz e implementing the
protocol, and that many of the analyses we déf ; O mcmg with improved
data bases.

nonattamment problem It ng key components of a description.
Examples.areis : Are Tl ecessarily comprehensive. There could be
other features-ofian area’s-problema thh are important in particular cases. For purposes of

) iy .
illustration‘later, ) 5i0 ave answered each of the questions posed below. Our

-1. Is,the:nonattaln\mgnl; oblem primarily a local one, or are regional factors important?

(Surface measm:ements suggest transport of ozone close to 84 ppb is likely. There
) are some other nonattainment areas not too far distant)
fﬁ

2. Are ozone ag&/or precursor concentrations aloft also high?

R
SN

(There are no such measurements.)
-3. Do violations of the NAAQS occur at several monitoring sites throughout the

nonattainment area, or are they confined to one or a small number of sites in proximity to
one another?
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(Violations occur at a limited number of sites, located throughout the area.)

-4. Do occasions in which observed 8-hour daily maximum ozone concentrations exceed 84
ppb occur often or just on a few occasions?

(This differs for different monitors from 4 times up to 12 times per year.)

-5. When 8-hour daily maxima in excess of 84 ppb occur, is there
characteristic spatial pattern of these, or is there a varietyof spati

(A variety of patterns is seen.)

-6. Do monitored violations occur at locations sub
coastline) which may differ from the general wind

(No.)

-7. Have there been any recent major changes i NOX in or near the

nonattainment area? What?

-(A regional modeling analysis has been performed. Two emission scenarios were
modeled: current emissions and a substantial reduction in NOx emissions
throughout the regional domain. Reduced NOx emissions led to substantial
predicted reductions in 8-hour daily maximum ozone in most locations, but changes
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near the most built-up area in the nonattainment area in question were small or
nonexistent.)

-12. Are there any distinctive meteorological measurements at the surface or aloft which
appear to coincide with occasions with 8-hour daily maxima greater than 84 ppb?

ments aloft.

(Other than routine soundings taken twice per day, there are no meas

questions 1 and 11 suggest there is a significant region
problem. Second, responses to questions 3, 4, 7 and 8
component to the area’s nonattainment problem. The resj
that high ozone concentrations may be observed under sg
The responses to questions 7, 8 and 11 suggest that 0z8
may be responsive to both VOC and NOx controls a

‘ 0 develop a strategy
using a model with 12 km grid cells rather thd check its adequacy for

finer resolution on a limited basis.

& State containing the nonattainment

ther, nearby States to develop and
*that a nested regional modeling

T, it may be necessary to model several

The preceding conceptual d
area in this example will need to i
implement a modeling/analysis
analysis will.be needed to }%dx

may draw on readily available information and need not be
‘Jaunch development and implementation of a modeling/analysis
in a productive ¢ ﬂlrec on. It will likely be supplemented by subsequent, more extensive

modelmg and ambient ahalyses performed by or for those implementing the modeling/analysis
protocol discussed in Sectlon 10.0.

sﬂ

ngg_lmn_nggm. States should begin an analysis to support a modeled attainment
ﬂeiﬁonsgrahon by developing a conceptual description of an area’s nonattainment
“problem. This description is based on use of readily available air quality,
meteorological and emissions information. It may be refined later as additional
analyses are performed by those implementing the modeling/analysis protocol.
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9.2 What Sorts Of Analyses Might Be Useful For Developing And Refining A
Conceptual Description?

Questions like those posed in Section 9.1 can be addressed using a variety of analyses
ranging in complexity from an inspection of air quality data to sophisticated mathematical
analyses. We anticipate the simpler analyses will often be used to develop the initial conceptual
description. These will be followed by more complex approaches or by approach g¥equiring

: paragraphs, we
revisit key parts of the conceptual description identified in Se ~t10n 9.1 ste analyses which

-Do “upwind” 8-hour daily maximum ozone concentra
or all of the days with observed 8-hour daily maximg

-What is the size of the downwind/up
concentrations compared to the u

-Do avallable regional moﬂéhng 51mulatlons suggest that 8-hour daily maximum ozone
concentrations within thc nonattainment area respond to regional control measures?

S
A

2. What orképﬁ' many meteorological episodes lead to high ozone?

-Exaxiﬁﬁé;éﬁkaﬁ;\l’iaattems of 8-hour daily maxima occurring on each day for which a value > 84
ppb occurs to try to identify a limited number of distinctive patterns.

-Review synoptic weather charts for days having observed concentrations > 84 ppb to identify
classes of synoptic scale features corresponding to high observed ozone.
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-Perform statistical analyses between ozone or 8-hour daily maximum ozone and meteorological
measurements at the surface and aloft to identify distinctive classes of days corresponding with
observed daily maxima > 84 ppb.

-Apply indicator species methods such as those described by Sillman (1998) and Blanchard, et al.
(1999) at sites with appropriate measurements on days with ozone exceedances. Identify classes
of days where further ozone formation appears limited by available NOx vs. classﬁﬂf days
where further ozone formation appears limited by available VOC.

3. Is ozone limited by availability of VOC, NOx

e two? What
sorts of source categories may be important? '

-What are the major source categories of VOC and NO
the most recent inventory?

-Review results from past modeling analyses to assess théz
nonattainment area will be more responsive to VOC ofiN Ox c
different locations?

hose descm d by Watson (1997), Henry, et al.
ify igé‘gﬁm categories contributing to ambient

more analyses & Sta;e“ véb“le to perfi f the more complete and more accurate the descrxptlon of
an area’s nonattammentfproﬁem may be. As noted in Section 5.0, the most complete description
will depend on use of refined ta bases which supplement routinely collected data. For
example, statistical models%between meteorological variables and observed ozone will probably
better describe relatlonshlps if meteorological measurements are available from aloft.

é

Some of the ana’]yses may be identified as desirable as issues arise in implementing a
modeling/analysis protmol Their function is to channel resources available to support modeled
attainment demonstratlons onto the most productive paths possible. They also provide other
pieces of information which can be used to reinforce conclusions reached with an air quality
model, or cause a reassessment of assumptions made previously in applying the model. As noted
in Section 4.0, corroboratory analyses may also be used in a weight of evidence determination to
help assess whether a simulated control strategy is sufficient to meet the NAAQS.
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Recommendations. States should analyze ambient air quality, meteorological and
emissions data in concert with an air quality modeling analysis. These analyses
perform at least 3 functions. First, they are needed to help develop a conceptual
description of a nonattainment area’s problem. Second, they help guide application of
a model in an air quality modeling analysis. Third, analysis of air quality,
meteorological and emissions data generates corroborative information which may
confirm conclusions drawn with an air quality model or cause the underlying
assumptions in the modeling to be reexamined. F
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10.0 What Does A Modeling/Analysis Protocol Do, And What Does Developing One Entail?

Developing and implementing a modeling/analysis protocol is a very important part of an
acceptable modeled attainment demonstration. Much of the information in U.S. EPA (1991)
regarding modeling protocols remains applicable. States should review the 1991 guidance on
protocols. In this document, we have revised the name of the protocol to “Modeling Analysis
Protocol” to emphasize that the protocol needs to address all types of analyses considered in a
weight of evidence determination, not just modeling. & ‘

10.1 What Is The Protocol’é Function?

The most important function of a protocol is to
communicating how a modeled attainment demonstratig
The protocol is the means by which States and other sta
default recommendations described herein and develop
to w1despread participation in developing the demonstr

S can assess apph
. A good protocol should lead
| also reduce risk of

The protocol also serves several im ons. First, it identifies

who will be helping the State or local air lead agency) to undertake
or evaluate analyses needed to support it i Stration®(i.e., the stakeholders).

Second, it identifies how communig, will r amonggstakeholders to develop consensus on
various issues. Third, it identifiesd ods anﬁrocedur used to support the demonstration

Fourth, the protocol describes t

he protoco should be dlscussed with the appropriate U. S
%ing decided. States should update the protocol as major

3. Cthe of the air quality simulation model to be used and how it meets requirements in
40CFRS51, Appendix W for using “alternative” models.

4. Assurance that proposed modeling procedures have been scientifically peer reviewed and plans
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for technical review of how procedures are used in the specific application and the resulting
outputs.

5. Types of analyses included in the weight of evidence determination, if used.
6. Outcomes for each analysis which will be considered consistent with suggesting a
selected strategy will meet the NAAQS. ;

7. Data base used to support air quality modeling and other
evidence determination.

8. Rationale for choice of air quality and emissions mod#
meteorological inputs

9. Methods used to quality assure emissions inputs
10. Domain size and spatial resolution to be used.

11. Criteria/goals in selecting periods to model aik d ecting episodes.

Mﬂi&t&mﬁ
acceptable demonstr
1991 guidance andzfollowed for the 1994 ozone SIP revisions are appropriate. These
:,lprocedures should be fflgmented to include a discussion of all analyses to be included
m the weight of evfidence determination, not just modeling. The protocol should also
n'for review of key parts of the analysis and data base underlying the
, ttammen&demonstratnon. The protocol should be kept up to date to reflect major
changesmumtnal plans.
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11.0 What Should I Censider In Choosing An Air Quality Model?

Photochemical grid models are, in reality, modeling systems in which an emissions
model, a meteorological model and an air chemistry/deposition model are applied. In this
guidance, we use the term “air quality model” to mean a gridded photochemical modeling
system. Some modeling systems are modular, at least in theory. This means that it is possible to

- substitute alternative emissions or meteorological models within the modelmg systém. Often
however, choice of an emissions or meteorological model or their featu 1y influenced
by the chosen air quality model (i.e., an effort is needed to deyelop soff
combinations of components differing from the modeling
choice of an appropriate air quality model is among the e&
implementing the protocol. In this section, we identify g
quality model should meet to qualify for use in an attai
NAAQS. We then identify several factors which will
quality models for a specific application. We conclude th by identifying several air
quality models which are available for use in attainment,dt
emissions models are discussed in Sections 14.0 and 1

11.1 What Prerequisites Should An A
An Attainment Demonstration?

A model should meet several ge aandidate for consideration in
an attainment demonstration. These stent w1th requirements in 40CFR
Part 51, Appendix W (i.e., the “Mds
previous guidance (U.S. EPA, 199T t recommendmg a specific model for use in the

attainment demonstration f gghés one. At present, there is no single model

The U.S. EPA h dnvested considerable effort to develop a nested regional model
(CMAQ) within a modefmg system calied “MODELS3" (U.S. EPA, 1998a). The U.S. EPA will
provide support, in th%onn of documentation, user’s guides, computer codes, updates, training
andhrmted troubleshootmg for the CMAQ model. The CMAQ model is designed to address
ozone; PM, 5 andreglonal haze-related applications. However, this model has not, as yet, been
showlirto be. cleaﬂy superior or easier to use than available alternatives. Thus, use of the CMAQ
model is subject to the same review criteria as other “alternative models” proposed to support an
attainment demonstration of the 8-hour ozone NAAQS.

“Alternative models” may be used if they are non-proprietary. A “non-proprietary”
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model is one whose source code is available for free or for a reasonable cost. Further, the user
must be free to revise the code to perform diagnostic analyses and/or to improve the model’s
ability to describe observations in a credible manner. Several additional prerequisites should be
met for an “alternative model” to be used to support a modeled attainment demonstration.

(1) It should have received a scientific peer review.

(4) It should have performed in past applications infSt
to be biased low.

An air quality model may be considered to ha
each of the major components of the modeling sys

model” may stlll be used equent applica tion 1f it is shown to be more appropnate for the
specific apphcanon Th ‘“@emonstrafﬁ d by side by side comparisons of predictions
obtained with the: ;fpxeferred ternative” models with observations. While such
comparisons ma ot necessarily required. Criteria described in Section

" attainment demonstratlon of the 8-hour ozone NAAQS, a State needs to show that it
meets several ger;gral criteria.

A5
:V

L The model has received a scientific peer review.

L

2 The model can be demonstrated applicable to the problem on a theoretical basis.

3. Data bases needed to perform the analysis are available and adequate.
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4. Available past appropriate performance evaluations have shown the model is
not biased toward underestimates.

5.A protocol on methods and procedures to be followed has been established.

6. The developer of the model must be willing to make the source code available to
users for free or for a reasonable cost, and the model cannot otherw,
proprietary.

11.2 What Factors Affect My Choice of A Mod él

States should consider several factors as criteria

model to support an attainment demonstration for the 8 3iousiEzon efactors are:
(1) nature of the observed air quality problem; (2) docu

candidate models in similar applications; (3) experience allable contractors; (4)
required time and resources vs. available time and res ase of regional
applications, consistency with regional models app ;The first of these
factors is used to 1dent1fy attributes needed for ors (2)-(5) are used to

Nature of the observed anmuallty ‘oblem. This is the most important criterion for
selecting an appropriate model. g*f‘or to se%ng a model to use in an attainment demonstration,
we recommend that those imj c ' view avallab]e air quallty, meteorological

IR

photochemlcall gr1d g odel (e:g., domain size ~ 200-300 km on a side) or a regional

X

questions

1. Is transport @ oﬁozone (or precursors) into the nonattainment area a major contributor to an
-area’s ozone: problem"

’ 2 Arc nonattainment areas sufficiently numerous.and in relatively close proximity so that it
is more efficient to estimate control requirements for several nonattainment areas
simultaneously?
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3. Is the nonattainment area located near major sources of anthropogenic precursors and/or
topographical features requiring fine scale resolution to adequately characterize wind flow?

Answers to the preceding questions require a case by case analysis of available air
quality, emissions and meteorological data. Generally however, we anticipate that an urban scale
model may suffice for “isolated” nonattainment areas (e.g., in the West, outside of California).
Locations subject to transported ozone well above natural background (i.e., 8-hr maximum

concentrations of anthropogenic precursor emissions within
an urban scale or nested regional model (incorporating a mg
area) is advisable. An urban scale or nested regional mo
sites of interest are located near a major body of water.

Documentation and Past Track Record of . ‘ e used

in an attainment demonstration, evidence should be pres it has been found acceptable
for estimating hourly or 8-hourly ozone concentrations should be given to models
exhibiting satisfactory past performance under a varie inally, a user’s guide
(including a benchmark example and outputs) and techni he model should be
available. ‘ :

Experience of Staff and Availal gitimate criterion for
choosing among several otherwise acce; t experience might be with

the air quality model itself, or with
readily linked with one candidate

criteria, this cntcrlog

T

regnonal modeling applic

be conmdered in choosmg a model for use in a regional or nested

“*Demonstration Mmﬁ{ “Alternative Model” is Appropriate for the Specific
Application. If an air quahty model meets the prerequisites identified in Section 11.1, a State
rnay use the factors desmbcd in this section (Section 11.2) to show that it is appropriate for use
in: aﬂs“pemﬁc appllcatwn Choice of an “alternative model” for use in a specific attainment
demonstratlon of:the 8-hour NAAQS for ozone needs to be reviewed by the appropriate U.S.
EPAxRegzonaLOfflce and by the U.S. EPA Model Clearinghouse.

Satisfactory Model Performance in the Specific Application. Prior to use of a selected
model’s results in an attainment demonstration, it should be shown to perform adequately in the
specific application. Means for evaluating model performance are discussed in Section 16.0.
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Recommendations. States should first determine what attributes are needed for a
qualifying model to address a nonattainment area’s ozone problem, and then choose
among models possessing these attributes. Five factors should be considered in
selecting an air quality model for a specific application. Selection of an air quality
model should be concurred with by the appropriate U.S. EPA Regional Office and U.S.
EPA Model Clearinghouse. The five factors are listed approximately in order of

importance.

he ozone
ive attributes

1. Nature of the air quality problem leading to ng!
NAAQS should first be assessed, and the selec
capabilities consistent with the perceived nat,

2. Availability, documentation and past pe

3. Relevant experience of évaﬂable staff and should be consitent with

choice of a model.
4. Time and resource constraints may b

5. Consistency of the model wit adjacent regional applications

should be considered.

simulate ambleptmzone%oncentra ons: %The list is not intended to be comprehensive. Exclusion
of a model from the Ti t necessanly imply that it cannot be used to support a modeled
attainment demonstrat %forw;\thémzone NAAQS. By the same token, inclusion on the list does
not necessarlly imply that'aimodel may be used for a particular application. States should follow
the guidance in Sections11. 1and 11.2in selecting an air quality model for a specific application.

)3
Fox
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Table 11.1. Some Air Quality Models Used To Model Ozone

. .
r Quality Model

L AirQualityModel |

References

Sgonsors of Past Agglications Il

CALGRID Scire, ¢t al, (1989) Massachusetts Division of Air
) Quality Control (New England)
CAMx Environ (1997)
CMAQ U.S. EPA (1998
; .S. with
fine grids in northeast corridor
. y.. Bnd at Nashville and environs)
MAQSIP MCNC (1995F° dith Carolina Division of
Odman, ¢ ntal Management
, most of NC and parts
T surrounding States)
SAQM ifornia Air Resources Board

(San Joaquin Valley)

LADCO (eastern U.S. with focus

on States bordering Lake
Michigan),

New York Dept. Of
Environmental Conservation
(eastern U.S. with focus on
northeast corridor)

Georgia Inst. Of Technology, Dr.
A.G.Russell (northeastern U.S.,
Southern Appalachian Mountain

Initiative, southern California)
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12.0 How Do I Decide Which Meteorological Episodes To Model?

At a minimum, four criteria should be used to select episodes which are appropriate to
model. First, choose a mix of episodes reflecting a variety of meteorological conditions which
frequently correspond with observed 8-hour daily maxima > 84 ppb at different monitoring sites.
Second, model periods in which observed 8-hour daily maximum concentrations are close to

extensive air quality/meteorological data bases exist. Fourth, model a syffici nmber of days
so that the modeled attainment test applied at each monitor vjglating tij is based on
several days. The four criteria may often conflict with one, . , there may onl
be a limited number of days with intensive data bases, a ]
meteorological conditions which correspond with moni
specific design values during the base period. Thus, tr
may be necessary in specific applications.

Those implementing the modeling/analysis prot condary episode selection
criteria on a case by case basis. For example, prior ex
inits bemg chosen over an altemanve Another consideration shoy hoose episodes

84 ppb occur on weekends, weekend
s. If a State chooses to model

in a nonattainment area. If observ
days should be included within so;

areas.

12 1 What AreThe Most Important Criteria For Choosing Episodes?

RN x.QWWA

%" Choose a mix ot‘;epiSodes which represents a variety of meteorological conditions
which frequently correspond with observed 8-hour daily maxima exceeding 84 ppb.  This
cntenon is 1mportant“‘»4)ecause we want to be assured that a control strategy will be effective
ider:a.variety ( of;condltlons leading to ozone concentrations near current site-specific design
va]ucs tsites. Mhere the NAAQS is violated. We believe the most important indicator of variety
is differing wind fields. This affects source/source and source/receptor orientations and,
therefore, the effectiveness of a strategy.

Those implementing the modeling/analysis protocol should describe the rationale for
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distinguishing among episodes which are modeled. The selection may reflect a number of area
specific considerations. Qualitative procedures such as reviewing surface and aloft weather
maps, observed or modeled wind patterns may suffice for distinguishing episodes with
distinctively different meteorological conditions. More quantitative procedures, such as a CART
analysis, to identify distinctive groupings of meteorological/air quality parameters corresponding
with high 8-hour daily maxima for ozone, may sometimes be desirable. An example of a CART
analysis applied to select episodes is described by Deuel, et al. (1998).

Choose episodes having some days with monitore
observed average 4th high daily. maximum ozone conce
at any given site, the relative reduction factor (RRF) used
predicted current 8-hour daily maxima when these are bgis
reflects relationships between current predicted 8-hour 8
future/current modeled concentration ratios are average :
simulate enough days so that the test applied at each site an responses from as many as
10 days. Thus, we want to use episodes whose severity i
of the NAAQS (i.e., an episode whose severity is excef ed on uy bout 3 times/year at the
time of the selected episode). Note that we saxd “ - pisode” (i.e., the

Air quality measurements :
characterize episode severity. Thi: > lectmg aB-year period which “straddles” a
modeled episode. For example episods ;
at measured 8-hour daily max , ] a tamment area durmg 1994-1996.
Using th1s mformanon m A e

attributable. to meteo ‘pglcalf:cycles or other causes, it may not be appropriate to compare
different 3-year periodsswith:oneanother using air quality observations. Thus, if one uses a 10-
year old episode with an: onal data base, there is greater uncertainty in ranking its severity
relative to the current period of interest than if the episode were drawn from the current period.

The prob]em of dealing with longer term variations in meteorological conditions
producing high ¢ ozone can be reduced by assessing the potential of meteorological conditions to
form high ozone:in concert with a climatological data base. An example of such an approach is
described in Cox, et al., (1996). If such an analysis shows that the 3-year periods straddling each
selected episode day and the most recent 3-year period are not an extreme ones, this supports
using air quality directly to characterize episode severity.
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Note that if the episode is drawn from among the 3 years upon which the nonattainment
designation is based, days which are chosen are likely to have monitored observations very close
to the current design value. “Close to” could be defined in diagnostic tests in specific studies. In
the absence of such information, we suggest “+ 10 ppb” as a default recommendation for
purposes of prioritizing choice of episodes. If the base and current periods do not coincide,
“close to” is within + 10 ppb of the design value during the base period straddling the episode. If
it is not feasible to meet this default criterion for all monitoring sites, meeting it a s with
current design values > 85 ppb should receive greatest priority.

ozone/precursor sensitivity is reduced.

Choose a sufficient number of days to enablé ainment test to be
based on several days at each monitoring site viols re 3.3 indicates that
the relative reduction factor computed at any gj : 0bust if based on a mean
response averaged over several days. Some e relative reduction factor may
be more vanable if based on an individu 1lanchus gL_aL, ( 1998))

space if comparisons are based on mé
model as many days as feasible. £ ﬁé

Qs:‘
We offer the following 7- stepip rmay be useful in combining the four
primary cntenaior selectm
1. For each epls tates should examine observed 8-hour daily maximum
concentrations a 1#values < 75 ppb can be excluded) momtormg site durmg

1 episode for suitability in the attainment test, severity of the

one is examiningﬁdays nail9
sed relative to 1990-92 observations at each selected site.

candidate days should

2. For each of the three years, rank the top ten 8-hour daily maxima observed at each of the
monitoring sites selected“in step 1.

3. Compute the average 1st high 8-hour daily maximum, the average 2nd high 8-hour daily
maxxmum, etc@own to the average 10th high 8-hour daily maximum for each selected monitor.

4. Note a range of concentrations which are + 10 ppb of the average 4th highest value at each
site.
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5. Classify qualifying days from step 4 into meteorological regimes, using observed or computed
wind fields as the primary criterion for classifying the regimes.

6. Note days in the preceding sample for which intensive data bases exist.
7. Give priority to choosing a mix of episodes containing days with observations + 10 ppb of the

site-specific design values during the base period(s), drawn from a variety of me
classes identified in step 5, and for which observatxons aloft, indicator s

Recommendations. States should consider four pr:
meteorological episodes for modeling. Tradeoffs &

wind orientations observed to occur when §
one or more monitors.

2. Choose episodes containing d ok -hou laily maximum ozone
concentrations close to (e.g., + I dtishiigh daily maximum
observed at monitoring sites dnri addling the period from

In Section 12.1, we noted that there may often be conflicts among the 4 primary criteria
recommended as the bqsxs for choosing eplsodes to model Several additional, secondary

g 4Choose¢cplsodes which have already been modeled. That is, of course, provided that
past mode] -performance evaluation for such an episode was successful in showing that the model
worked well in replicating observations. Given that the 4 primary criteria are met approximately
as well by such episodes as they are by other candidate episodes, a State could likely save a
substantial amount of work in evaluating model performance.
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Choose episodes which are drawn from the period upon which the current design
value is based. As we note in Section 3.3, fewer emission estimates and fewer air quality model
simulations are needed if the “base period”, used to evaluate model performance, and the
“current period”, used in the recommended modeled attainment test, are one in the same.
Following this criterion could also make the second primary criterion more straightforward. That
is, current air quality observations rather than episode severity estimated for a period several

Choose episodes having observed concentrati
form of the NAAQS on as many days and at as man

possible in the modeled attainment test.

It is desirable to include weekend: mﬁ, especially if
concentrations greater than 84 ppb . [ eekends,
different mix of emlssmns than occys ‘ uld also lead to different spatial
or increased confidence that a
control strategy is effective it n ;" d ifls as well as on weekdays. If emissions

and spatial pattems of high i skends vs. weekdays including weekend days

As discussed in Sectlon» ;@State or group of States may decide to apply a regional model or
a nested regional modeléxo ﬂenionstrate attainment in several nonattainment areas at once. Time
and resources needed for*ihtsnffort could be reduced by choosing episodes which meet the other
cr1ter1a in several nonattamment areas which are modeled.

Recommendamm . States may be able to resolve conflicts among the primary cntena

~ for:selecting gplsodes by considering one or more secondary criteria. The following are

. identified as secondary criteria. States may identify, document and present the
" rationale for criteria in addition to these if they choose.

1. Give preference to previously modeled episodes.
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2. Give preference to episodes occurring during the period corresponding to the
current design value used in the modeled attainment test.

3. Give preference to episodes maximizing the number of days and sites observing
8-hour daily maxima close to the level of severity specified in the NAAQS.

4. Include weekends among the selected days, especially if daily
84 ppb are observed on such days. :

exceeding

5. If applying a regional model, choose ebisod
secondary criteria in as many nonattainmen
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13.0 What Should I Consider When Selecting A Modeling Domain And Its
Horizontal/Vertical Resolution?

A modeling domain identifies the geographical bounds of the area which is modeled.
Recommended domain size depends on the nature of the strategies believed necessary to meet the
air quality goal. This, in turn, depends on the degree to which air quality observations suggest

that a significant part of an observed exceedance is attributable to regional concengfsttions which
approach or exceed levels specified in the NAAQS. Choice of domain affected by
data base management considerations. Generally, these are lg S dema maller domains.

Horizontal resolution is a function of the size of ifg# i fical resolutigh
is determined by the number of grid cells (i.e., layers) cons "
Choice of horizontal grid cell size and a suitable numb
variability in emissions, spatial precision of available erg
that mesoscale or smaller scale meteorological phenomer
precursor/ozone relationships, data base management cq

a pronounced effect on
thcomputer/cost constraints.

and the leve%specxﬁed in \
concentrauans:%and the 1 \®S. If the former gap is less than the latter, an

o illustrate or the case of ozone if a nonattainment area had

remams 1 1 ppb, but the latt s reduced to 4 ppb. Those implementing the protoco] may wish to
consider using regional ; as well as local measures in such a case. This would necessitate using a
regxonal modeling domam In general, if additional regionally implemented control measures are
expected to materlauya;affect the amount of additional local controls needed to meet the air

| onal modeling domain should be used. If not, an urban scale domain should

What do we mean by “urban scale” and “regional” domains? An urban scale domain is
one having horizontal dimensions less than ~ 300 km on a side. Assuming the nonattainment
area is located near the center of the domain, the domain should be large enough to ensure that
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emissions occurring shortly before sunrise in its center are still within the domain near the end of
the same calendar day. If recirculation of the nonattainment area’s previous day’s emissions is
believed to contribute to an observed problem, the urban scale domain should be large enough to
characterize this. If recirculation encompasses distances larger than about 300 km, an urban
scale model is probably not sufficient to address an area’s problem.

A regional domain is one having horizontal dimensions typically exceedxr;gQ‘OOO kmon a
side. Data base management problems generally make it infeasible to u e e horizontal
grid cell size in urban scale and regional models. Nested regj ‘
this problem. A nested regional model is one whose domain
side. However only a portion of that domain (e.g., < 300&n
similar to that recommended for urban scale models. S
monitoring sites considered in the modeled attainment
size of individual cells comparable to that recommende

000 kmona

thh a mﬁb

Recommendations. Selection of a domain size deg
strategies to be simulated. States should revnewn'eglon al:
those occurring in the nonattainment area to«detg

regional vs. local controls. If this revie
important component of an attainmept:
regional (>1000 km) in coverage. Qfhe
suffice.

5 ti‘ategy is an
2 domain should be

As we discuss in Segcfio
models to provide meteordlc sede
commonlyused.of these ‘oK 2§*amset up to produce meteorological fields for 108, 36, 12 and 4
km cells. Thus;theissue adﬁmsSedé& this Section is which of these sizes to recommend as an
upper limit forregi ' models;éilgi orarban scale or fine portions of nested regional grids.

%

In past guldancc'“w hve recommended using horizontal grid cell sizes of 2-5 km in
urban scale modeling analys @S EPA (1991)). Sensitivity tests performed by Kumar, et al.
(1994) in the South Coast: A.gr}Ba51n compare hourly base case predictions obtain with 5 km vs.
10 km vs. 20 km grid cells. Results indicate that use of finer grid cells tends to accentuate
highest hourly ozone ptedlctlons and increase localized effects of NOX titration during a given
hour... However, stat,iéfical comparisons with observed hourly ozone data in this heavily
monitored area appcar comparable with the 5 and 20 km grid cells in this study. Comparisons
betweenhourly ‘ozone predictions obtained with 4 km vs. 12 km grid cells have also been made
in ari Atlanta study (Haney, et al. (1996)). As in Los Angeles, use of smaller (i.e., 4 km) grid
cells leads to higher domain wide maximum hourly ozone concentrations. However, when
reviewing concentrations at specific sites, Haney, et al. found that for some hours concentrations
obtained with the 12 km grid cells were higher than those obtained with the 4 km cells. Since
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signs of the differences obtained with 4 km vs. 12 km grid cells vary for different hours, this may
suggest that 8-hour daily maximum ozone predictions are less sensitive to the selected grid cell
size than 1-hour daily maxima. Recent sensitivity tests comparing relative reduction factors in
predicted 8-hour daily maxima near 272 sites in the eastern United States indicate generally small
unbiased differences (< .04, in 95% of the comparisons) using a grid with 12 km vs. 4 km grid

cells (LADCO (1999)).
Intuitively, one would expect to get more accurate results in urban apphcatﬁ‘ts with
smaller grid cells (e.g., 4 km) provided the spatial details in the emissio = orologxcal

inputs support making such predictions. Thus, using 4 km
nested regional grids and 12 km cells in coarse portions of &£

pdel large dom
r of diagnostic test
ommonly been done in the

needs. Further, elsewhere in this guidance we identify
and several emission control scenarios. We also identi
would be desirable and suggest using more vertical laye
past. Also, there may be means of dealing with potential
desired grid cells. For example, use of plume in grid i point sources of NOx
might be considered as an alternative with coarser thamudesi

Relative importance of using a dom g@iwith ; 4 km will need to be
weighed on a case by case basis by thos plemen r analysis protocol. Thus, in
this guidance, we identify upper limits ﬁonzo which may be larger than
desired for some applications. This 4sdn |
factors (e 8- number of modeled d

portion of anested d-with'cells larger than 5 km shouid undertake several additional analyses.
First, States should applyj ST :dn grid algorithms to major point sources of NOx if they choose
an urban or fine portion of a; mglonal grid with cells as large as 12 km. Once an emission control
strategy has been tentat1ve1y selected, States should test the current and the selected control
strategy with grid cells&'5 km, if feasible, so that the outcome is available to be considered in a
welght of evxdence determmatlon

: Rmmmgn_gt_m_s Horizontal grid cell size in regional models should be < 36 km,
except in areas used to establish boundary conditions for the regional model (where
they may be larger). For urban scale analyses and the fine scale portion of a nested
regional model, cells which are 4-5 km on a side are preferred, if feasible. Cells should
not exceed 12 km on a side in these analyses. If cells as large as 12 km are used in
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urban areas, States should consider using plume in grid algorithms to deal with large
point sources of NOx. States should perform diagnostic sensitivity tests to see whether
using grid cells smaller than 12 km affects conclusions reached in the modeled
attainment test when the selected control strategy is simulated. If so, this should be
considered in a weight of evidence determination.

13.3 How Many Vertical Layers Should I Consider?

As described in Section 14.0, the preferred means
fields for input to air quality simulation models is to use g

vertical layers. To minimize a number of assumptions ¢
quality models, it is better to use identical vertical resol
models. However, application of air quality models with vertical layers may not be

feasible nor cost effective. In this Section we identify fag number of vertical layers

Accuracy of predicted base case ozone part, on how accurately
a model is able to characterize dilution of p h turn, depends on how
precisely the model can estimate maximugg ie the planetary

eht (Dolwick, et al., (1999)).
flays and it is necessary to simulate
uenced by the number of vertical

Jayers ¢ &Eg d°above the planetary boundary. Thus, States
e the h%’hest conceivable maximum afternoon mixing
s occurring within the planetary boundary layer.

issue. For practléai rcason :it:is best'to have an air quality model’s vertical layer placement
coincide with layers consx :in-the meteorological model used to generate meteorological
inputs. So the placemenmsﬁu&really is, which ones of the boundaries between the
meteorological model’ slayers should one match with the boundaries between vertical layers used
in‘the air quality modcl? Based on the discussion in the preceding paragraph, we recommend
hxghprecxsnon near the*antxcxpated maximum afternoon mixing height. In addition, observed 8-
hourﬂmly max1mum ozone concentrations may well include some evening hours. Surface
concen’aatxons durmg these hours may be affected by presence of a low level inversion whose
base is just above turbulence introduced by surface roughness or, in some cases, by an urban heat
island. Thus, States should use a shallow surface layer, generally no more than 50 meters in
depth. In general, layers below the mixing height should not be too thick, or large, unrealistic
step increases in mixing may occur. States should try to avoid using layers within the planetary
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boundary layer thicker than about 200-300 meters.

Based on recent sensitivity studies (Dolwick, et al. (1999) and LADCO (1999)), it
appears as though as few as 7-9 vertical layers (including one above the planetary boundary
layer) may suffice in a modeling study if care is taken in specifying placement of these layers.
Prior to modeling, we recommend that States review available meteorological measurements

might be modeled. We recommend that the number of vertical layers cghsi
fine portions of a nested regional grid be identical.

Recommendations. An air quality model may co

the meteorological model. Care should be take i dayi
the maximum afternoon mixing height is defined sely as possible. The surface
layer considered in the model should generally by 50 meters deep, and no
layer beneath the mixing height should be mori bameters thick. The
minimum number of layers chosen depends onsthe o) ponditions and
characteristics of the area to be simulate p criteria, States
should generally use at least 7-9 verti
and 1-2 layers above it.

assess effects of a@egibnal strategymm taneously for a number of nonattainment areas, the
domain needs to'bx arget:than if orﬂ :8’limited number of nearby areas were the focus of the
study. '

Llfetlmes vary fqr”ozone and its precursors. Lifetime for NOx (i.e., NO + NO,) may be
less than a day. Regxonal analyses performed in the U.S. to date suggest that lifetimes for
sulfates and nitrates argitwo days or less (Dennis, 1994). Sources of VOC are believed to be
ublqmtous due to natural emissions. Many of these natural emissions are relatively reactive, so
that multi day transport of stable species of VOC or radical products resulting from oxidation of
more reactlve\spemes may not be a critical factor for selecting size of a domain for modeling
ozone.. Lifetime for ozone is notoriously difficult to estimate due to the recycling of this
compound with free radicals, concentrations of oxidized species of nitrogen and emissions of
fresh NOx and VOC precursors which occur in transit. Given information about the lifetime of
nitrates however, it is probably safe to assume a lifetime for ozone which is on the order of 2-3
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days. The foregoing information suggests that, ideally, the size of a regional modeling domain
should be large enough so that emissions occurring two days prior to the beginning of daylight on
a modeled day of interest are included within the domain. Thus, we suggest States focus on their
receptor areas of interest, perform some screening analyses with trajectory models to ensure that
major source areas within two days’ travel time are included in the domain.

Fine Grid Domain. Size of the fine grid domain should be influenced by s&¥eral factors:
(1) proximity of receptor sites to major sources of ozone precursors (es jally NOXx); (2)
presence of topographical features which appear to affect obg d (3) desire to
limit resource intensive efforts needed to use numerical m he last factor i
an important concern for use of nested regional models.
smaller than that recommended for an urban scale analy;
domain is available to estimate impacts of sources locafg
receptor area, whereas this information is not available
issue of how far to extend a fine scale grid is one which
case basis. We recommend that States examine the issu
Section 16.0). For consistency with the modeled attai
grid should initially extend 15 km (i.e., 3-4 4-km ggi

s1s. The

tic sensitivity tests (see
gommend that the fine

, 1igh to include potentially
nmportant sourees located two day egifor sites of interest.

apart therefore need to use larger domair  than d applications focusing on receptors
in close proximity to one andther. Extent of a fﬁgﬁd also depends on the number of
receptor sites. States sho i gnostl malyses to ascertain how far a finely

i mptlon, we recommend extending the
t %@u%ends at Jeast 15 km beyond all monitoring
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14.0 How Do I Produce Meteorological and Air Quality Inputs Needed By An Air Quality
Model?

After episodes are selected for modeling, corresponding meteorological inputs need to be
generated for use in an air quality model. Although the resulting inputs remain constant, they can
affect outcomes of a number of the modeling outputs we have identified for scrutiny in Section
4.1. They may also potentially affect relative reduction factors used in the attainmé
screening tests. In contrast to meteorological data, air quality inputs ma; j
corresponding to “current” and “future” emissions used in thgzmodele
presents a potential problem which needs to be addressed.

In this Section, we describe two approaches for gt
quality models, and identify advantages/disadvantages
dynamic meteorological models with output “nudged”
approach for generating needed meteorological data. Fo )
for horizontal grid cells smaller than 12 km may presentgirs thhlems. We identify ways to
diminish these, if they occur. It is important to quality®s
being used in an air quality model. We next discug

models) relies primarily on observed data
ow due to terrain features. Observed

sed dxagnusﬁwmd models are described by Douglas, et al. (1990) and

Most freg =d
,;0

by Scire, ;LL ?T%éwg mam advantage of diagnostic models is that they are relatively easy
and i mexpensnve to ap;ﬁy j er, they make maximum use of wind observations. There are
sevexal disadvantages, hgweve?% First, there are seldom enough observations to adequately
deﬁne a windfield, pamcu"lar‘]y aloft. Much of the input to the air quality model is derived
through interpolation QI'eSUbJCCthC methods. Because of the sparseness of observations in many
areas; we do not encourage use of diagnostic models for generating inputs to regional scale air
quahtymodel apphcatlons A second disadvantage is that the meteorological estimates derived
/ oy ogncmodel are not necessarily physically consistent with one another. In the
atmosﬁhere there is a physical dependency existing between temperature, pressure and
windfields. This interdependency is not extensively accounted for in diagnostic models, and the
extent to which it is considered depends on the expertise of those applying the model.

Nevertheless, if ambient concentrations of a pollutant (e.g., as for one or more components of
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PM, ;) are believed to be primarily affected by winds and urban scale source/receptor orientation,
the disadvantages are not serious enough to preclude use of diagnostic models.

The second approach for generating needed meteorological data is to use dynamic
meteorological models with four dimensional data assimilation (FDDA). These models attempt
to characterize theoretical relationships between meteorological variables and
topographical/terrain characteristics. Use is made of relatively sparse observationgatoft to help
steer (i.e., “nudge”) solutions so that they do not diverge from observedstne
Wind observations aloft are typically used for this purpose. Sg r
summary of the attributes of dynamic meteorological modg]

SAIMM (Systems Applications International, (1996))
most widely used with numerical air quality models. T
meteorological models is that they provide a way of ch ‘ A
consistent with theory, terrain and each other at times and 15 where observations do not
exist. Disadvantages have been large required computegess  considerable expertise
needed to apply the approach. Recent advances in co 1 have resulted in

increased use of dynamic meteorological models fqrgai

compatibility between candidate meteorologi€ he air qua Ey model(s) chosen for
use. We believe that use of dynamic metg i f DA is generally the

resolution <12 "km anerally, a ﬁnely resolved meteorological field needs to extend about 3 grid
cells beyond the bounds:of:the:fine scale grid used to make air quality predictions. For example,
if 4 km grid cells were us the fine portion of a nested regional air quality model,
meteorological fields at this detail would need to extend 12 km beyond the bounds of the 4 km
grid used for air quallty predictions.

,‘Rgggmmend_a_tk : ions. States should ordinarily use a peer reviewed dynamic
meteorological model with four dimensional data assimilation as the means for
generating meteorological inputs to ozone models. Peer reviewed diagnostic models
may be used on a case by case basis. Grid cell size used in dynamic models should be
chosen considering factors discussed in Section 13.0.
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14.2 How Do I Deal With Data Management And Computer-related Constraints
When Applying Dynamic Meteorological Models?

States should ordinarily use dynamic meteorological models resolved to the same level as
desired for making air quality predictions. Occasionally, this may not be feasible, or may lead to

the extent possible before proceeding.

The first approach is to use available results fro
coarse scale (i.e., 36 km for a desired 12 km estimate, 1
interpolate more finely resolved fields. An objective a
be used (U.S. EPA, 1991). This approach would be part
desiring finely resolved meteorological estimates is relate
estimates more finely. For example, in the case of oz
accurately characterize the apparent detrimental eg}\
resulting from titration of ozone by nitric oxidegt

e bilinear interpo '
iseful if the major reason for -

A second approach for circumve jor A yifements needed to apply
dynamic models for finely resolved gri iders* 2 ormation (e.g., presence of
land/water interfaces) and measure "g fine fields coarser fields generated
by a dynamic model. This seconq y be prefeﬁ'ed if the major reason for desiring
finely resolved meteorological ué‘pﬂ ; ¢ived importance of mesoscale features
which cannot be adequatel ctive mterpolatlon procedure. In essence,

in a cell. This approach is most applicable at land/water
interfaces. By assumin; is entirely “land”, vertical dispersion of fresh emissions is likely
to bebetter characterized“This might also result in a better characterization of subsequent
transport of coastal emlssmns over adjacent large bodies of water.
y

Recgmmendatmng Prohibitive computer-related constraints associated with applying

a dynannc.kmeteorologlcal model to derive a finely resolved (4-12 km) set of

'meteorologlcal data can be addressed in one of two ways.

major portion of emissions wit

1. Interpolate more coarsely resolved data using objective analysis.

2. Apply a diagnostic wind model using “observations” generated by the dynamic
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meteorological model for a coarser grid. Assume other variables remain the same
as for the coarser grid.

Consequences of using coarser than desired grid cells may be reduced by assigning a
land use factor for each surface cell which corresponds to the location of most
emissions within the cell (e.g., at cells including an interface between land and a large
body of water).

14.3 How Do I Quality Assure Results Generateg

There are several ways to evaluate performance
desirable to evaluate meteorological inputs before air gy

means available for evaluating the meteorological modd filithe air
quality model is run. Important meteorological outputs crutiny include wind velocity
patterns, mixing heights (e.g., estimated by noting the vet which vertical diffusivity
(K,) is suppressed), temperature, pressure, water vapo Methods for evaluating
output from a meteorological model include comp pWi Epair measurements,

cers, comparing
results obtained with different models, use comparmg spatial
patterns of observed and predicted daily rocess analysis. Each of
these is briefly described in the following '

day) are needed: Ppo A ata base is probably insufficient to exclude data to
evaluate model 10 [ ion 5.0, we noted that it is desirable to increase

- Derivation of 1 Jectones. A State could select several locations in the grid and use
trajectory models such;as HY-SPLIT (NOAA, 1999) to derive back- or forward-trajectories from
the hourly wind ﬁelds’ generated by a meteorological model. If surface trajectories were limited
to dayhght hours;ihe computed trajectory could be compared with observed surface air quality
ohservatlons. Jﬁhe timing of high ozone observed along the path of the trajectories is consistent
with expectations, given the configuration of sources, this would be an indicator that the
meteorological model is performing adequately. A State could also derive daytime surface
trajectories using observed wind data. These trajectories could also be compared with air quality
patterns. By comparing the two sets of trajectories with observed air quality patterns, it would
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then be possible to assess whether the meteorological model increases the skill with which ozone
plumes are oriented.

Use of computer graphics. Examining wind vectors for apparent discontinuities is
possible using graphics. It is also possible to construct difference diagrams between observed
and predicted temperatures and winds. Locations where agreement is poor may suggest areas
needing more finely resolved estimates. Geographical orientation between areas afgpoor
agreement and locations of major sources or observed poor air quality may be plotted to judge
potential significance of any disagreement.

unnecessary to consider atmospheric chemistry, depositi;
constant boundary conditions should also be assumed.
remain uniform, and there should be no systematic drift j
the grid. Predicted concentrations of the tracer can thé
major discontinuities in the concentration field or pzob
may suggest a problem with the meteorological
to consider divergence/convergence predicteds

aterial remaining within
ee whether there are

results could be compared to not
velocities at the surface and aloff % ferences would then need to be
diagnosed. .

Compargzsbg;éﬁal patternsm”ﬁalr quality predicted with a photochemical grid model
with observed pattemsoinfhedays of interest. - If the predictions are systematically skewed

from the observations, disuggest a problem with the meteorological outputs generated by
the meteorological model:

Use process analysns. Process analysis applies to the output generated by an air quality
model Itis descrlbed“by Jeffries, (1997) and by Lo, et al., (1997). Its use with air quality
models 1s noted.in:Section 16.0. Process analysis determines the relative importance of different
chemical :or.physical factors as contributors to predicted.ozone concentrations. If process
analysis suggests that a variable influenced by meteorological inputs, such as vertical exchange
(i.e., vertical diffusivity), plays a large, unanticipated role leading to a high ozone prediction, this
might warrant a closer examination of what led to such a prediction.
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Recommendations. To the extent possible, States should quality assure results from
meteorological models prior to using them in the intended air quality model. States
should select a mix of approaches for evaluating meteorological inputs to an air quality
model on a case by case basis. Candidate approaches include:

1. comparison with upper air measurements ‘“held back’ from use in FDDA;

patterns;

patterns, and

8. using process analysis to
concentrations by meteo.

by compatibility,wil digqu mmodel, as well as by past experience of those applying
the air quality.m i
not necessarily implya
imply that an approach’i a},p{gﬂagpriate for a specific application. States should consider using

5 ion 14.3 to determine whether the output generated by a

- .~Air-quality inputs are needed in air quality models for two purposes: to specify initial
conditions, and to specify boundary conditions. There is no satisfactory way to specify initial
conditions in every grid cell. Thus, we recommend beginning a simulation at least one day prior
to a period of interest for urban scale applications, and two days prior to periods of interest for
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regional applications to diminish importance of arbitrary assumptions about initial conditions.

Table 14.1. Some Past Applications of Dynamic Meteorological Models

Meteorological Model References Describing Sponsors (Applications)
Model Performance _ ;

MMS5 Seaman, et al., (1995),
(1996b)

Tesche, et al., (199
(1993b)

RAMS Tesche, et al., (19
(1993d), (1993e), (1

Boundary conditions can be specified i . ' o nest the area of
interest within a much larger domain. This afiproach nsing nested regional

; S € focus of an analysxs If it is not

practical to use a nested reglonal 70 iffsoundary conditions are believed to be
relatively unimportant, a second )
analysis. The domam sho (:L

of interest and:sha d be large enough so that emissions
Tidin Jjust béfore sunrise remain within the domain until the end

R_emmgnugns_ Simulations should begin at least one day prior to the period of
“interest for urban*appllcatlons and two days for regional applications. Use of nested
*reglonal modeﬁlgas the preferred approach for addressing boundary conditions. Where
such an approach is not feasible, States should consider a single domain large enough
at emissions occurring in the center of the domain just before sunrise

in within the domain until the end of the same calendar day or that next-day
recirculation (if important) can be considered.
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15.0 How Do I Produce Emission Inputs Needed For An Air Quality Model?

Developing emissions inputs needed in air quality models requires several steps. First,
States need to compile statewide and countywide emission estimates for precursors of ozone, as
well as information subsequently used to spatially and temporally allocate emissions within each
county included in the modeling domain. The most recent commonly available emissions
estimates should be used in the modeled attainment and screening tests, describedg;;‘%Section 3.0.
Next, an emissions model is used to convert the countywide ermssron r atjon-into hourly,
gridded, speciated estimates needed by the air quality model. pdel also makes
use of meteorological information (e.g., temperatures) to a #SOme sources
whose emissions are affected by environmental condition
accompanied by continual efforts to quality assure esti
emissions input needed in the modeling process is gridde
which have been projected to a future year. The projecty
control strategy which is to be simulated with the air qua

In the following Sections, we identify informatie
and countywide basis. We then identify emissions ma i : ed to convert
countywide estimates to the inputs needed by i . Wegextdescribe several
approaches useful for quality assuring estimafe the
conclude with a short discussion of emissi

oint Sources Preferred and Alternative Methods (U.S. EPA,
997b))
rea Sources Preferred and Alternative Methods (U.S. EPA,
; (1997c))
. VolumeIV:  Mobile Sources preferred and Alternative Methods (U.S. EPA,
A (1997d))
~Volume V:  Biogenics Sources Preferred and Alternative Methods (U.S. EPA,
(1997¢))
Volume VI:  Quality Assurance Procedures (U.S. EPA, (1997f))
. Volume VII: Data Management Procedures (U.S. EPA, (1997g))

e Volume IE

In addition, guidance exists or is being prepared on emission projections, the National Emission
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Trends inventory methodology, and temporal allocations, spatial allocations, and chemical
speciation of emission inventories (U.S. EPA, 1998d, 1998e, 1998f). The EIIP documents are
available electronically through the U.S. EPA Internet website at
http://www.epa.gov/ttn/chief/eiip/techrep.htm. States should consult these documents as they
prepare their emission inventories.

15.1 What Countywide Emission Estimates Are Needed To Support Alﬁ(’)uahty
Models?

Statewide and countywide emissions need to be-di
stationary point source emissions, stationary area source g
road and off-road sources and biogenic/geogenic emissif
by SCC and have associated location information (e.g., §iit - [
diurnal and weekly operating schedules. Area source erssy i CC and
reported by county. Surrogate factors, used to spatially ssmns from the source
category within an air quality model grid superimposed should be identified for
each area source category. Defaults for surrogates are Nt emissions models.
Examples of surrogate factors might be such things.as ent by census tract,
land use, etc. If information exists concerning 1on patterns for different
area source categories, this information sho he stat and countywxde area

version of EMFAC) in concert with, ity (i. i es traveled (VMT)) estimates. The
mobile source emission estimates;, 3 iedby recommended surrogates for

gridded, hourly estimates ¢ 3 i f ieé ssion estimates in subsequcnt steps. We
recommend Smtes distingl i

manner.

“For model appllcaﬁﬁns ddressing the ozone NAAQS, emission estimates for each source
category should include x:ountyw1de VOC, NOx and CO estimates for each month of the year.
The VOC estimates shouid be accompanied by a recommended speciation profile for each source
category. We recommend that States rely on local measurements to the maximum extent
possible.for thcspecxatlon profile estimates. However, default information on VOC species
profilesis available in U.S. EPA (1993), if needed. These data and updates can be obtained
electronically through the U.S. EPA’s Internet website at
www.epa.gov/ttn/chief/software. html#speciate.
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Recommendatjons. States should be familiar with guidance in U.S. EPA (1999¢) and
with U.S. EPA Emission Inventory Improvement Program guidance describing
appropriate procedures for estimating statewide and countywide emissions needed to
support SIP revisions for ozone. Air quality models require emission estimates from
point, area, mobile and biogenic sources. In order to convert this information for use
in air quality models, VOC species profiles, rationale for suballocating emissions
wnthm a county and for assummg diurnal and weekday vs. weekend vanﬁﬁillty in

well as for mobile sources. Default assumptions for
allocations are available in emissions models. How,

VOC, NOx and CO are needed for each month g 7

regional model applications performed for warm
integrate ozone and PM, ; control strategies.

National Emissions Trends inventory
statewide, annual emission estimates f 96. However, the U.S. EPA

underlying the 2003 SIP revisio ,,- , gurdance (U.S. EPA, 1999c¢) allows States

to select any, year from 1996%0 19 eI 099 is encouraged. If the NET is used, it
should be for; : ntory used by the State. Statewide emissions, by
county, are ble electromcally through the U.S. EPA Internet website at
www.epa.g If a State is performing a regional or nested regional

modeling analy: 1€ 1often:serve to provide countywide estimates for locations far
removed from ea whi focns
States should qu
used, ata State’s dnscretxon, W]
compﬂe inventories.

d i 1mprove emission estimates as necessary. The NET may be
there have been no previous State-sponsored efforts to

£
15.3 How Do I*Convert Countywide Inventory Information Into Data Used In Air
Quallty Models? /f'*"

e Alr guahty models predicting ozone require day specific hourly emission estimates for
VOC NOx and CO for each cell of a grid superimposed over the area modeled. Typically, there
are thousands of grid cells in a model application. To utilize atmospheric chemistry in the air
quality simulation model, VOC emissions also need to have their component chemical species
identified. We recommend that source specific, local information be used for this purpose
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whenever possible. The U.S. EPA maintains the SPECIATE data base. SPECIATE can be used
when more source-specific information is lacking. It may be accessed electronically at
www.epa.gov/itn/chief/software.html#speciate. Finally, emission factors for some sources are
dependent on meteorological conditions such as temperature. Thus, meteorological conditions
need to be known to estimate day specific emissions. Emissions models should be used to
account for the numerous and diverse factors which need to be considered to derive emissions
inputs to air quality models. Currently, separate models are used to prepare estimafes from
anthropogenic stationary vs. mobile sources and from biogenic sources.

Anthropogenic emissions from stationary sourcess pdels have been
widely used to convert estimated emissions from stationaf§#ources fo 15 juali
used in past urban scale modeling applications for ozo
in regional applications (Causley, et al., (1990), U.S. E
emissions model which has had wide use (Alpine Geoph 1995). EMS95 has been
used in the modeling underlying the U.S. EPA’s rule to ' Ox emissions (U.S.
EPA 1997h), as well as in other applications of nested¥egionals . models.

The version of EPS2 described in Cau L d only for urban scale
mode] applications for ozone. However, the N\ ion Hich has been used in
applications of a regional model for parti gional analysis for ozone
performed in the Gulf States (U.S. EP ons model, Sparse Matrix
Operator Kernel Emissions (SMOKE i ; e (MCNC, 1999). SMOKE is

similar theoretically to EMS95 k. it j$'computatjonally more efficient, reducing time and

available. mod ﬁ%emlsswn factors for ozone precursors from a vehicle fleet
representative EPA, 1994a). The U.S. EPA’s Office of Mobile
Sources (OMS / @BIIZE6 model for highway vehicles as well as a
NONROAD m s for off-highway vehicles. These two models are

expected to’be available bf“ih ie:end of 1999. Estimated emissions obtained with the new models
may differ from estima 1éd with currently available models. States may track the status

of MOBILE6 and NONRO at the following internet addresses:

http Jfwww.epa. gov/omswww/m6 htm (MOBILE®) and http://www.epa.gov/oms/nonrdmdl.htm

(NON ROAD model) y

~ Prior to the availability of MOBILE6 and NONROAD, States other than California

i &MQBILESA or any.update to this model identified as appropriate by the U.S. EPA’s
Office:of Mobile Sources for highway and off-highway vehicles. The website
http://www.epa.gov/omswww/models.htm is a useful source of information on MOBILESa and
mobile source models in general. Resuiting emission factors need to be combined with activity
levels (e.g., vehicle miles traveled) to estimate emission levels which have been suitably
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disaggregated spatially and temporally for use as inputs in air quality models. Methods for
estimating activity levels are included in U.S. EPA, (1997d).

Biogenic Emissions. The BEIS2 emissions model is the most widely used procedure for
estimating biogenic emissions (Geron, gt al. 1994 and U.S. EPA, 1997¢). This model requires a
mix of land uses to be specified for each county, as well as hourly temperature information. If a

gridded locations within a county, this may be overridden for the gnd il i on on a case
by case basis. The model makes use of stored information petanhic distribution of
plant species, as well as the provided land use and temperag enerate gridded

ponsors (App lications)

DCO (eastern half of the
U.S.),
U.S. EPA, OAQPS (eastern
half of the U.S.),
NY DEC (eastern half of
the U.S.).

U.S. EPA, Region IV (Gulf
States),
U.S. EPA, OAQPS
(nationwide)

Emissions Model
EMS95 Alpine

MCNC, (1999) NC DEM (Charlotte, most
of NC and parts of
surrounding States)

‘MOBILE or EMFAC with U.S. EPA, (1997d) MOBILE: Many sponsors
. activity estlmates (throughout the U.S.

outside of California)
EMFAC: CARB
(California)
BEIS2 Geron, et al., (1994), U.S. EPA OAQPS (eastern
U.S. EPA, (1997¢) half of the U.S.)
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Recommendations. States should use emissions models to convert emission inventory
estimates into emissions inputs required by air quality models. Emission models
require additional inputs concerning chemical speciation, spatial and temporal
disaggregation. Choice of models depends on compatibility wnth the chosﬁl air quality
model and the application at hand, as well as past experience ofith oseémplementmg the
emissions

models prior to making air quality estimates.

15.4 What Should I Do To Quality Assure E

The most efficient means to quality assure (QA) ¢
the initial emissions estimation process. The previouslysnent quality assurance
document, U.S. EPA (1997f), contains a number of QA ould be used to
develop the basic countywide emission inventory. QOnce, Anventory is ready for

quahty assurance,wl:or ex: tile plot of émissions made for a grid superimposed over the
area to be modeledas an effective-means for identifying misplaced sources and for assuring
oneself that spallalfpatgems of emi e consistent with where sources are believed to be.
Other graphical: dlsp}ays include pi charts and time series plots. Pie charts are useful for
assessing whether dlstnbutmn ;of emissions among source types or categories is consistent with
expectations. Time serie;é S Iays allow a State to look at estimated diurnal patterns in
emissions to see whethersthese -appear logical. They enable comparisons to be made for
weekends vs. weekdays to see whether estimated differences appear reasonable.

Comparing emissions with monitored air quality is another means for quality assuring
emissions estlmates As we place increased emphasis on measurements of ozone precursor
species, companson with monitored speciated data may become an increasingly important means
for quality assuring emissions estimates. Availability of speciated VOC data, such as those in the
PAMS network or similar data, makes it possible to use monitored observations to apply source
attribution approaches (i.e., “receptor models”). A finding suggesting that air quality
observations are the product of a mix of emissions which differs greatly from that inferred from
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the inventory can point the way toward parts of the inventory which may need greater scrutiny.
Receptor models and their uses have been summarized by Watson (1997) as well as in Seigneur,
et al. (1997). Use of ambient data from the PAMS network to quality assure emissions estimates
is described in U.S. EPA (1996a).

Recommendations. Quality assurance of emissions estimates is an essential part of the
modeling process, and should be performed on a contmual ongomg bas:s&tates

: A emphasis
on with

15.5 How Do I Estimate Emissions For Futu

Emissions projections for sources within a mod : e needed to determine if a
nonattainment area will meet the ozone NAAQS by th& ired gitainment date. For
ozone, we require States to estimate future precursogemissi ‘ bne future date--two
years before the date of required attainment. i
attainment date is distant (e.g., 2010) from
State may wish to consider projecting emjgst itermediateiperiod (e.g., 2005-2007) as
well.

The goal in making proje r as many of the important variables
that affect future year emissions pOssi s encouraged to incorporate in its
analysis the variables that have h sk issi
most, as well;g%the chagg

for predommam source&ﬁtggones (1f there are any). There is normally a wide range of ozone-
precursor-emitting source ypes. iThus, it is probably only in exceptional cases where there are
one or'two major source types‘that dominate the inventory. Large point-source emitters in ozone
nonattainment areas are already subject to Reasonably Available Control Technology (RACT)
requirements and, in some cases, control technique guidelines (CTGs), which may be identical.
Therefore, there may%e many different emitters in ozone nonattainment areas whose emissions
need'to be tracked%mth time. In cases where there are a few dominant sources, special
techmques ‘should "be used to ensure that those sources are modeled using more sophisticated
techniques than those used for the rest of the inventory.

A State’s needs for inputs to a grid-based model are a factor in making projections. As
noted previously, grid-based models require source locations (coordinates) as input. Thus, a
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projection approach that makes its computations at this level is preferred. A less desirable
alternative is to assume that all growth and retirement occurs at existing facilities and that there is
no variation in growth or control within each source category.

Information detailing the different types of projections that might be required of a State or
local air pollution control agency can be found in the EPA publication “Procedures For Preparing
Emissions Pro;ectlons” U.S. EPA 1991a) In addmon to the necessary types of projections,

1991 guidance (BEA projection phase-out and EGAS
therefore States should review additional documentatio
U.S. EPA (1998¢).

States may find it useful to examine techniques n.applied in other areas
where control strategy planning has been performed. ice
of emission projection preparation are recorded in 3 ; )
photochemical model. In the simplest sense, reli ping a growth factor
and a control factor for each major source cg ’ ¢

ld review guidance on emission projections issued by

Recommendations. State
visions tﬁ%us document (U.S. EPA, 1998¢).

the U.S. EPA in 1991 and

Sionpre Jectlons%axf&\ actor relevant information into their

dx iew techmques previously used for emission projection
ections information. States should quality assure their
ﬁ_xjal methods designed to validate the spatial and

any speciation that may be calculated States should
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16.0 How Do I Assess Model Performance And Make Use Of Diagnostic Analyses?

Results of a model performance evaluation should be considered prior to using modeling
to support an attainment demonstration. Performance of an air quality model can be evaluated in
two ways: (1) how well is the model able to replicate observed concentrations of ozone and/or
precursors, and (2) how accurate is the model in characterizing sensitivity of ozone to changes in

used to better understand why the air quality model pre
insight into whether or not the predictions are plausible¥
information which helps prioritize efforts to improve/ref; nputs. Third, dlagnostlc tests
can provide insight into which control strategies may be
NAAQS. Fourth, diagnostic analyses can be used to a$se
That is, do I reach the same conclusion regarding ade
assumptions regarding current conditions?

control strategy is.
ien using a variety of

In this section, we first identify me! I for evaluating model
performance. We then discuss each of ail. We next note that there is
no single method which offers a panaci el performance. We recommend that

s, much as is done in a weight of
orming diagnostic analyses. We

performance be assessed by consider
evidence determination We th

I:abe odel performance can be assessed in one of two broad ways: (1) how
accurately does the m ) redict observed concentrations?, and (2) how accurately does the
model predict response: "cted air quality to changes in inputs? An example of the latter
type .of assessment is, “homeWrately does the model predict relative reduction factors (RRF)?”

2
,5,:

Given existing Aata bases, nearly all analyses have addressed the first type of performance
evaluation. The undgﬂymg rationale is that if we are able to correctly characterize changes in
concentratlons accbmpanymg a variety of meteorological conditions, this gives us some
confidence that:we can correctly characterize future concentrations under similar conditions.
Computer graphics, ozone metrics, precursor metrics and observational models are all potentially
useful for evaluating a model’s ability to predict base case air quality.

The second kind of model performance assessment can be made in several ways. One
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way is by looking at predicted differences on weekends vs. week days, provided reliable
emissions estimates are available for both, and differences in weekend/week day emissions are
substantial. A second way is to examine predicted and observed ratios of “indicator species”. If
observed ratios of indicator species are very high or very low, they provide a sense of whether
further ozone production at the monitored.location is likely to be limited by availability of NOx
or VOC. ' Agreement between paired observed and predicted high (low) ratios suggests a model
may corrcctly predict sensmwty of max1mum (hourly) ozone at the monitored locafions to

Wi 4l for
evaluating model performancc in a way which is most closel odels will be used
in attainment demonstrations. We recommend that greater@i%; o pf these methods,
in the initial demonstration and in subsequent reviews.
performance in predicting sensitivity of ozone to chang
after the fact with observed trends.. One reason States
generated in simulating the control strategy selected fo
analyses. As explained in Section 5.0, these analyses pr:
diagnosing why a strategy did or did not work as expected
opportunity to evaluate model performance in a way is CIQ d to how models are
used to support an attainment demonstration.

model perfonnancc 312} pre thﬂS and observations. The 1991 guidance describes the
followmg,graphic displaysitime series plots, tile plots, scatter plots and quantile-quantile (Q-
Q) plots:~Each of thes an also be used to display differences between predictions and
their: palred observationsz#Graphics are useful means for understanding how predictions and
observations differ. For’ example time series plots tell whether there is any particular time of day
or.Qay(s) of the week wfxen the model performs poorly. Tile plots reveal geographic locations
where the model perfonns poorly. Information from tile plots and time series may provide clues
abo ‘Where to f focus quality assurance efforts for model inputs. Scatter plots and Q-Q plots

shox ”w"heth there is any part of the distribution of observations for which the model performs
po&ﬁy These plots are also useful for helping to interpret calculations of bias between
observations and predictions. For example, they could show large differences between

observations and predictions which just happen to balance, producing low estimated bias.
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16.1.2 How Can Ozone Metrics Be Used To Assess Model Performance?

Ozone metrics produce numerical comparisons between observations and predictions.
Appendix C in U.S. EPA (1991) identifies several metrics, as well as the mathematical formulae
for calculating them. We recommend that.comparisons of observations and predictions for 1-
hour sampling times be used as well as comparisons of 8-hour daily maximum concentrations.
One-hour comparisons of metrics provide a much larger data base for assessing
performance than would otherwise be available. :

States should calculate metrics which are closely re
the recommended modeled attainment test (Sections 3.1 4t
are used to calculate relative reduction factors (RRF) n g
taking the ratio of the mean highest 8-hour daily maxi efifrations calct]
future to that estimated with current emissions. Thus, ability to predi
mean 8-hour daily maxima is an important indicator of fprmance. We recommend that
States use the following set of ozone metrics to assess ance during base periods
corresponding to the selected episodes.’

predictions of highest
verages of 8-hour daily
: alues should be taken from
grid cells “near” a monitor, as defini 3. ed “nearby” 8-hour daily
maximum for each day is calc re 3.2. The comparison described
in this test leads to a separat adan predicted 8-hour daily maximum
ozone for each monitoring I¢

1) Estimate bias between spatially paired
8-hour daily maximum ozone concentr

maxima whxchatje atially averag d by day. If there are a sufficient number of monitoring

sites. for-the an%zys& 0:be meanmgful it is also useful to group concentrations from those

momtors that represw vind, downwind and center city locations. Include time series and
Ascatter plots of the rcsults
. {A éﬁc
.. 4) Prepare quantlle-quantlle plots of observed and predicted 8-hour daily maxima using (a)
all data pairs (i.e:sample size = (# of stations)(# of days)), (b) spatially paired mean 8-hour
dallyu maxm:la“(l €., sample size = # of stations), and (c) temporally paired spatially averaged
10U’} aglymaxxma (i.e., sample size = # of days).

7 “Bias” and “fractional bias” are calculated as described in Appendix C to U.S. EPA (1991).
In the text, we discuss 8-hour daily maxima. Similar tests could be performed for observations and
predictions of 1-hour daily maxima.
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5) Calculate the fractional bias for the pairings described in tests 4 (a), (b) and (c) above.

It is not possible to provide a definitive set of performance criteria for the preceding
metrics, since we do not know how sensitive the model’s response is to failure to replicate base
case observations. However, we suggest the following as a performance goal for tests 1 and 5.

The bias should be less than about 20% of the mean observed 8-hour daily maﬁ’mum (test 1)
and the spatially paired fractional bias (test 5(b)) should also be lesgithan ahe“llt 20%. These

goals should be met at locations with monitored dcs1gn alues exg githe NAAQS and at
some of the other locations as well.

unless these values are less than about 70 ppb. Seven 13
the lowest concentration which exceeds the level specifi AAQS. This goal may be a
difficult one to meet, particularly if the mean predicted RR¥ n a single day’s prediction.

be established on a case
elation coefficients

Performance goals for tests 2, 3 and 4
by case basis This follows since the mean'

f ng paragraphs addresses performance
re of the goals does not mean that an

The preceding five performance measures are oriented toward site by site comparisons.

Other useful measures in 01 "pbolmg these data to calculate overall bias and gross error for 1-
hour predictions as well asf ~8-hour daily maxima. The three most widely used pooled metrics
for ozone have been unpaired 1-hour daily maximum concentrations, normalized bias and gross
error. In past guidance we have identified performance criteria for these three measures. These
criteria are based on.results obtained in urban model applications (primarily in California) during
the 19805 Thls information may serve as one input in assessing how well a model performs.

”If a State is primarily interested in showing that a strategy works for meeting the 8-hour
NAAQS within or downwind of a nonattainment area, it may be useful to subdivide the
monitoring sites into “downwind”, “center city” and “upwind” categories on each modeled day
rather than pool the entire data base. Pooled ozone metrics could then be calculated for each
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category. Note that the identity of “upwind”, “center city” and “downwind” sites could change
from day to day. However, the aggregated metrics for all modeled days would be valid for the
three defined categories of sites. This partitioning of sites may be considered using any ozone
metric, providing there are enough sites available to support making such a partition. An output
from such a grouping might be something like, “average bias or average fractional bias from all
upwind sites, from all center city sites and from all downwind sites”.

16.1.3 How Can I Use Available Precursor Observatlons To
Performance?

Ozone models have many degrees of freedom.
predict similar ozone concentrations using a variety of

Testing the ability of the model to predict other species
increasing confidence in the results.

observed VOC, VOC
nd NO, whenever the

States should include an assessment of how wé
species treated explicitly in the model’s chemical mechapi
data base permits. One concern however abo ' latz
the monitored data represent? Monitored pri /] nccntram"ons hke NO, CO, VOC

sources. Models typxcally consider horj ntal grid: ells 0 ; larger. Thus, the
measurements may not be representaﬁﬁ of the 4§pat1al scaleithe model is addressing, and the

' 2
comparison between momtored an gmodelec?éd’ata becomcydxfﬁcult to interpret. This mismatch
i to as * mmensurabxhty

ratios of primary (or secondary) pollutants which tend to
co- vary For example 5b S 'ed ratios of one or more selected VOC species to CO are likely to
be less variable than c centratlons of the individual pollutants. Therefore, the ratios may be
more representative of t %sca“]és considered in the model. A third way for reducing
incommensurability is to:use metrics which entail spatial averaging in some manner.
Comparisons between spatially averaged observations of VOC at 3 monitoring sites with
spatially averaged rnp'ﬂe’l predictions “near” the 3 sites is an example of such an approach.

16.1.4 I-Iow Can I Use Corroborative Analyses With Observational Models To Help
"Evaluate Air Quality Model Performance? .

Recently, techniques have been developed to embed procedures within the code of an air
quality model which enable users to assess contributions of specific source categories or of
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specific geographic regions to predicted ozone at specified sites (ENVIRON (1997), Yarwood, et
al. (1997, 1997a), Morris, gt al., (1997), Yang, et al., (1997, 1997a)). These source attribution
procedures characterize what the air quality model says are the effects of targeted areas or
sources on predicted air quality. Provided speciated VOC data are available at a site, source
attributions estimated with these approaches can be compared with those obtained using other
models which rely directly on observed air quality data.

The chemical mass balance model (Watson (1997)) is probably tht
applicable observational approach for this purpose, since it ¢ t
considered with the air quality model. Cautions raised pre
monitored data continue to apply. Available multi variatgSta
Henry, et al., (1994) and Henry (1997, 1997a, 1997b)) niay
assessing an air quality model’s performance. Multi va
examining temporal variability in monitored precursor
variability on one or a few occasions at many sites. A q i

can contrast observations on days when winds suggest aSpURY ution is unlikely vs. days
when a contribution is likely, or at locations where a sour ortant vs. those where
it isn’t. If the observational approach suggests a majorn in 2 ategory contribution,
and the air quality model also suggests that categ portant under similar

wind conditions, the observational model le

Activity levels and patte 1 , missions from mobile, area and some
- these differences are substantial,

simulatin g*weekend as wel

:-«‘;"”"“”'

d cida uation 1d be used in one of two ways. The first way is to
compare mean ‘observed 8-hour daily maxima at each monitoring site for
weekendsws ‘weeffdays% “there are‘a sufficient number of monitors available, it is also
desirable to make these" ons for categories of monitors, grouped according to whether
they. represem “downw1ﬁfl’ ‘center city” or upwmd” condltlons Tests 1-5, described in

days. If the performanc s adequate for both weekends and weekdays, this suggests that the
modei is accuratelyw haracterxzmg composite effects of different meteorological conditions and

A»second way for using weekend/week day information is to first screen the available
data to identify weekend days and week days for which meteorological conditions are “similar”.
For example, for urban analyses, wind orientation, daily maximum surface temperature, presence
of precipitation and maximum mixing height might be considered for this purpose. If similar sets
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of meteorological conditions are identified for weekends and week days, changes in mean
observed 8-hour daily maxima can be compared with changes in mean predicted 8-hour daily
maxima for each monitor site, as well as for groups of sites characterized as “upwind”, “center
city” and “downwind”. Tests like those described in Section 16.1.2 may be used for this purpose.
If predicted changes generally provide an unbiased estimate of observed changes, this suggests
that the model characterizes effects of changing emissions accurately.

We need to mention several caveats regarding weekend/weekda afisons. First,
changes in emissions between week days and weekends may be to uncertainties
associated with the weekend and week day estimates. Secgfiilivi ’ small) sampl
into weekends and week days may mean that conclusion %

needed to meet the NAAQS in some. areas. Since the re

concentrations may be nonlinear, the weekend/weekday cqm 0s may not be defmmve
evaluations. Despite these reservations, weekend/week g s provide one of a
relatively few means for evaluating a model’s abxhty t changes in ozone
concentrations. States should include these compatisons. i i svaluate model

performance, whenever feasible.

16.1.6 How Do I Use Ratios of Indic : nate Model Performance?

A performance evaluation whj isbns between modeled and observed
ratios of indicator species carries witl ¢ i vantage. Such a comparison may
reveal whether the model is predict ! dhe to VOC and/or NOX controls
correctly. That is, when th ode i Wathin a certam range, predicted ozone is

sensitive to: changes in a‘ﬁp
predictions: )mens:tx ve t

For-ozone m hngéappllcatxons uses for ratios of indicator species are described by
Sillman:(1995, 1997, 199 by Sillman, et al. (1997a). The authors of these references have
shown several ratios of mdl r species to be good indicators of whether peak predicted (i.e.,
modeled) ozone is llke]y’ito be most sensitive to reductions in VOC or NOx. Many of the species
discussed require measuremcnts beyond those which have been routinely made by most State
agenmes Of the ratig ys-discussed, the following involve compounds or mixtures most amenable
to measurement,k;yState agencies: O,/NOy, O,/NOz® and O,/HNO,. States should review the
Sllhnangand Sillman, et al. references for further details about measurement requirements.

Strength of the indicator species approach for assessing model performance depends on

*Note: NOz = NOy - NOx
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an assumption that the model is accurately characterizing the relationships between indicator
species and ozone. The validity of this assumption can be more readily tested in smog chamber
experiments than can absolute predictions of ozone. A second precaution is that there may be a
range of observed ratios for which the preferred direction of control is not clear. When this
occurs, agreement between predictions and.observations does not necessarily imply that the
model correctly predicts sensitivity of ozone to changes in precursors. Third, this method
requires more measurements than are commonly made. In some cases, it may be %iﬁi

Hcult to
‘done to date

precautions, the approach of comparing predicted and o
provides a means of assessing a model’s ability to accu
ozone to changes in precursors. States should use the
performance, whenever feasible.

air quality and estimated trends in emissions. i irecgiassessment of what we are
most interested in---does the model accuratel§ in air guality? Howeuver, it is not
as straightforward as it seems. Often, inpuf® used in past studies are
ambiguous and the emissions trends ar
constant meteorology, which does neths . B purposes of the reporting requirements
described in Section 6.0 is to ma ible: yreplicate modeled analyses at future
dates.

1mproved ai °Cl figes in emissions rather than meteorology and/or can
identify reaso « s not being observed. Retrospectlve analyses will

umfomnty in the method for these analyses, they are probably best performed as part of a
subsequent review rather;thai - e :

16.1.8 All Of These Performance Tests Have Shortcomings, So What Do I Do?

‘There is nosmgle definitive test for evaluating model performance. All tests have
strengthééandmcaknesses Credence given to model results is increased if a variety of tests is
appliéd ‘and the outcomes either support a conclusion that the model is working well or, at least,
are ambiguous. Thus, one can think of a model performance evaluation as a “mini-weight of
evidence analysis” focused on the issue of how much credence to give model results in an
attainment demonstration. Table 16.1 summarizes the tests and their corresponding objectives or
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goals described in this guidance.

Table 16.1. Summary Of Methods To Evaluate Performance Of Air Quality Models

-
——

Method

-tile plots of observations &
predictions.

Big Picture Assessment Using
Graphics

-tile plots of differences in
observations & predictiong

-scatterplots & Q-Q plo :

-time series plots

th!s! | GoalsIOb!'ectives
A

Ozone metrics

ias (8-hr daily max & 1-hr
obs/pred), all monitors

““grosserror (8-hr daily max & 1-
hr obs/pred), all monitors

-«partition pooled data base into
“upwind”, “center city” &
“downwind” sites. Repeat
analyses

-scatterplots & Q-Q plots of 8-hr
& 1-hr metrics

Zeomparisons only)

sam— .
—

-complément 0zone metrics

diagnostic tests on certain
ations

l % most monitors (8-hr

-moderate to large positive
correlations

-~5-15%
-~30-35%

-get a better idea of what parts of
the distribution of predictions &
obs agree or disagree & whether
there is any obvious pattern to
the model’s performance
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Table 16.1. Summary Of Methods To Evaluate Performance Of Air Quality Models

(continued)

’ Method

Precursor concentrations

Test(s Goals/Objectives

Similar to ozone metrics. Focus -provide means fo essing

on wheth odel
suffergin:othe

-secondary species (NO,, NO

NOx, NOz)

-ratios of co-varying speci
(VOC, or VOC species/C
or VOC species/NOx)

-spatially averaged predi t
the above or of primary spe

Observational models

compare source attribu@ifn attribution & CMB

estimates with obseryation milar source categories

models mportant contributors
ed precursor

-CMB nicentrations

-day to day variability in air
quality model’s source
attribution & observations or
mulit variate models is consistent

-these are qualitative
comparisons
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Table 16.1. Summary Of Methods To Evaluate Performance Of Air Quality Models

(continued)

s
—

Method

Weekend/week day comparisons

Test(s

-compare previously identified
ozone (& precursor) metrics on
weekends vs. weekdays

-if data base permits, parti
data base into meteorlogic
classes. For each class compare
differences in weekday v
weekend predictions with
differences in weekday v§
weekend observations.

-pool data base to comp
and gross error on weekends and

Goals/Objectives I

Objective is to testanodel’s ability
to accq&?tely reg? duce effects of
changing:emiséions

Ratios of indicator species

Guidance refers to Sillman
references to identify ratios
where max.hourly ozone is likely
limited by NOx & ratios where
availability of VOC limits
max.ozone. Predictions &
observations should fall into the
same class (i.e., VOC-limited
cases, NOx-limited cases, cases
where it is too close to call)
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‘Table 16.1. Summary Of Methods To Evaluate Performance Of Air Quality Models
(concluded)

—

Method Test(s Goals/Objectives

Retrospective analyses project ozone to a future
(preferably sooner than
attainment date) year

retain files

update emission estimates
future year & note obsery
future ozone
due to
characterize future met.episods
& model in future ces in projected

-a combination of different
meteorological and emissions
assumptions

-one or more limitations in the
model.

reduce the pos51b111ty of. gett;ngghe right answer for the wrong reason”. We recognize however,
that many of the inputs to:N0 ls have associated (often unknown) uncertainties. It is acceptable
to adjust inputs within reasona”ble bounds to improve performance, providing it does not result in
poorer performance in any of the several measures of performance which we recommend in
Séctions 16.1.1 - 16. If such an adjustment is made, it should be documented and
accompanied by an'eXplanation as to why those implementing the protocol believe it is justified.

Recommendations. States should undertake a variety of performance tests. Results
from a diverse set of tests should be documented and weighed to qualitatively assess
model performance. Provided suitable data bases are available, greatest weight should
be given to tests which assess model capabilities most closely related to how the model
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is used in the modeled attainment test. A narrative describing overall assessment of
model performance should be included among the material submitted to support a
recommended SIP revision requiring a demonstration of attainment.

16.2 How Can I Make Good Use of Diagnostic Tests?

combination of model inputs is cxammed This is the morg : Wo approaches an.g
utputs are useddn
the modeled attainment test recommended in Section 3.
sense to provide relative reduction factors. Relative red
ratio of mean 8-hour daily maximum concentrations ob

The second type of diagnostic test is one in whick acking” the importance of
various phenomena contributing to predicted ozone at edded within the code of
an air quality model. This generally increases run; 1 be used unless a
vendor or someone very familiar with the compt :
mode pthe code revisions, yields
) ftic test is that it reduces the
number of model simulations needed togbtain in ' at'is causing high or unexpected
itial effort ghis capability has been expended, a
better understanding of why predi ‘ re can be obtained relatively

efficiently.

increases confxdence m*th oglel results. Second models used to support ozone NAAQS
attainment demonstrati ayﬁesource intensive. Sensitivity tests provide a means for
prioritizing use of resources in applying the model. For example, how sensitive are relative
reduction factors to usg/of more vertical layers or smaller grid cells? Is using 4 km (rather than
12’km) grid celis moreimportant than simulating many days? Third, sensitivity tests may help
prioritize additional‘data gathering efforts so that a better subsequent review/diagnosis can be
performed at the time of required attainment. Finally, sensitivity analyses could be useful for
prioritizing control efforts or for noting sensitivity of predictions to uncertainties in the current or
future emission inventory.

Sensitivity tests can and should be applied throughout the modeling process, not just
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when model performance is being evaluated. Tests should be selected on a case by case basis by
those implementing the modeling/analysis protocol. We present a sequence of activities likely to
be followed in applying an air quality model. Under each activity we list some sensitivity tests
which might be useful to resolve certain issues which may occur in some locations. The list is
intended for illustrative purposes. The identified tests are not mandatory, nor is the list a
comprehensive one.

Model Setup

-Change boundary conditions (is domain size adequate? &
regional model?). :
-Alter initial conditions (do I need to extend the ra

P ce Ev. 1

-Alter grid cell size and/or number of vertical laye
8-hour daily maxima affected?).

-Perturb specific inputs (e.g., mixing height, cloud cd¥e ich might explain why
certain processes are identified as importar s (see Section 16.2.2)
(are results affected by perturbations withimge " 2. what additional

strategy?). , ;
-Simulate reductions in pointivs. area v#mobile scgﬁrce emissions (what types of sources
should my strate.gy f%us on?) L

_-Simulate selected s{trétegy but with different (reasonable) growth projections.
) ~Perturb meteorological inputs, like mixing heights or cloud cover, which may be poorly
characterized but which earlier analyses have suggested may be important in
affecting: base case predictions.

Sxmulate selected strategy using different grid cell sizes and/or a different number of
el:m:al layers.

16.2.2 Use of Process Analysis

Occasionally a review of a graphical display, like a tile diagram, may indicate a limited
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number of locations or incidents which bear further investigation. Diagnostic tests may be used
to perform focused analyses on these sites or incidents. These tests entail a more detailed look at
a time series of predictions and (if available) observations at or above a site, including chemical
species, winds and mixing. The examinations can be done qualitatively. However, more
quantification is possible using the second type of diagnostic test described at the beginning of
this subsection. A procedure called “process analysis” is an example of the second type of
diagnostic test. Process analysis has been used to assess relative importance of varfouis model
assumptions as well as simulated physical and chemical phenomena conffi )gifo a predicted
ozone concentration at a particular time and location (Jeffrie 1994 ries, et al. (1996),

Jang, et al. (1995), Lo, et al. (1997)).

Process analysis requires a substantial amount o
advantage. However, useful insights are also possible
focuses on selected grid cells. Process analysis then ta
grid model addresses physical and chemical factors affecty
example, a typical sequence followed in a model for each
advection of ozone and precursors present at the begi
emissions added during the time step, (3) vertical di
emissions, (4) estimated cloud cover and its €
chemistry involving advected and diffused npfiteria missions, and (6) deposition of
certain compounds. Process analysis ex i r 8fon changes in ozone
predictions from hour to hour attributablé : descnbed above. In this way,

, 1 hour) might be (1)
, (2) precursor
material and fresh

specified time and location.

If a focused dxagnosu%‘ nalysi 1 ned with process analysis, suggests a
particular, fod predlctl y.be i

. t a control strategy which demonstrates attainment. These

_ sanalyses should mélude sensitivity tests to assess robustness of a proposed strategy and

-“.consequences of snmpllfymg assumptions made in the modeling. Additional sensitivity

 tests may be warranted on a case by case basis. Sensitivity of relative reduction factors

“«;ﬁtovmput perturbatlons should be a prime focus of the tests. Provided capabilities have

2 één*prgperly installed and tested, States may use versions of a model’s code which

“ contain‘capability for tracing importance different phenomena as contributors to
predicted ozone concentrations at selected locations.

Table 16.2 shows examples of diagnostic tests which may be useful during different
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stages of a modeling analysis.

Table 16.2. Potentially Useful Diagnostic Tests At Various Stages Of Modeling

Stage of Modeling

Model Setup -change boundary conditions

Test(s) (Examples)

Performance Evaluation & -alter specific (uncerts
Troubleshooting (e.g., mixing heights, cloy
: cover).
-alter grid cell size or numk

vertical layers conside

Strategy Selection -simul?:ﬁ across “-what sorts of strategies (VOC vs.
i NOx, emphasis on which source
types) should I be considering?

-will additional regional
reductions in precursor emissions
be necessary?

-oLtests with and without
“changing boundary conditions
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Table 16.2. Potentially Useful Diagnostic Tests At Various Stages Of Modeling

(concluded)

Estimating Uncertainty

Test(s) (Examples)

-simulate alternative base cases
in emission estimates & project
AQ from the alternative bases

-simulate future AQ using
alternative (reasonable) grow
assumptions

--includes different gro
--different placement of
sources

Focused performance analysis
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Glossary

Areawide design value The highest design value monitored within a
nonattainment area. At a site with three years of
. complete data, a design value is the average 4th
highest 8-hour daily maxxmum ozone concentratlon

Modeled attainment demonstration A modeled a
two parts
consistent
of measu
levels oncej

Modeled attainment test

near all monitoring sites, the test is passed

This is a group of models used to predict ambient
ozone concentrations. The group includes an
emissions model which converts countywide
emission information into gridded speciated
emissions which vary diurnally and reflect
environmental conditions. It also includes a
meteorological model which provides gridded
meteorological outputs and an air
chemistry/deposition model which takes
information provided by the emissions and
meteorological models and uses it to develop
gridded predictions of hourly pollutant
concentrations.
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Relative reduction factor (RRF) The ratio of predicted 8-hour daily maximum ozone
averaged over several days near a monitoring site
with future emissions to corresponding predictions
obtained with current emissions.

Screening test A screening test is used to ¢} ure a proposed
control strategy will be ef reducing ozone
at locations wj gmonitor so that

attainment i$7sh i 1 ttammenfgﬁ

HOTEC The second part is to
compute Frelativ | factor for each flagged
loca AN multxpl rs times the

'NAAQS will be met is identified beforehand. If the
set of outcomes, on balance, is consistent with
attainment, then the WOE can be used to show
attainment. A weight of evidence determination
includes results from the modeled attainment test,
the screening test, other model outputs and several
recommended analyses of air quality, emissions and
meteorological data.
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